
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
+ 

PROJECT APOLLOIq 
- a  

QUARTERLY STATUS REPO.RT 



I '  

t 



c i 

TABIE OF CONTENTS 

. 

. 

Section Page 

V 

SUMMARY ............................ 1 

MISSIONPUN. 2 

SPACECRAFT AND ADAPTER DESIGN AND DEVEIOPMEXT . . . . . . . . .  3 

COMMAND AND SERVICE MODULES 0 3 

Launch Escape System .................... 4 
Command Module S t ruc tu ra l  a s t e rn  . . . . . . . . . . . . . .  
Service Module S t ruc tu ra l  System . . . . . . . . . . . . . .  
CrewEquipment ....................... 5 

Guidance and Navigation System . . . . . . . . . . . . . . .  
Stab i l i za t ion  a d  Control System . . . . . . . . . . . . . .  
Reaction Control System . . . . . . . . . . . . . . . . . .  9 
Service Module Propulsion System . . . . . . . . . . . . . .  
Operational Instrumentation System . . . . . . . . . . . . .  12 
E l e c t r i c a l  Power System . . . . . . . . . . . . . . . . . .  13 
Earth Landing System .................... 15 
H e a t s h i e l d  ........................ 15 
Adapter .......................... 16 

4 
4 

7 
8 
8 

10 

Environmental Control System (ECS) . . . . . . . . . . . . .  

LUNAR EXCURSION MODUIE . 0 . .  . . . . . . . . 16 

LEMStructure ....................... 16 
LEMLandingGear ...................... 17 
CrewEquipmnt ....................... 17 
IEM Environmental Control System . . . . . . . . . . . . . .  19 
LEM Guidance and Navigation System . . . . . . . . . . . . .  19 
LEM Stab i l i za t ion  a d  Control System . . . . . . . . . . . .  20 
LEM lieaction Coiikl=ol Sjjs+~n . . . . . . . . . . . . . . . .  20 
IEM Propulsion System . . . . . . . . . . . . . . . . . . .  21 
IEM Communications System . . . . . . . . . . . . . . . . .  2 1  
LEMOperationalInstrumentation . . . . . . . . . . . . . .  22 
LEN E l e c t r i c a l  Power System . . . . . . . . . . . . . . . .  23 

LFMSPACESUTI'SYSTEN .................... 24 

LEM R AND D INSTRUMENTATION/COMMUNICATIONS SYSTEM . . . . . .  25 



ii 

Page 

26 

. . . . . 26 

Sect ion 

LEN SCIENTIFIC INSTRUMENTATION . . . . . . . . . 
APOLLQ SPACECRAFT WEIGHT . . . . . . 
FLIGHT TECHNOLOGY . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 28 

Aerodynamics . . . . . . . . . . . . . . . 28 
Aerodynamic Heat Transfer . . . . . . . . 29 
Ablation Material  Thermal Performance . . . . . . 29 
Mission Natural Environment . . . . . . . . . . 30 
Performance and Tra jec tor ies  . . . . . . . . . . . . . . 30 

RELIABILITY . . . . . . . . . . . . . . . . . . 32 

Lunar  Excursion Module . . . . . . . . . . . . 32 
Command and Semite Modules . . . . . . . . . . . . 32 

SPACECRAFT-IAUNCH VEHICLE INTEGRATION 0 0 0 0 0 0 0 0 0 0 0 33 

Mechanical In tegra t ion  Panel . . . . . . . . . . . 33 
Fl ight  Mechanics Panel . . . . . . . . . . . . . . 33 
Instrumentation and Communication Panel . . . . . . . . 34 
E l e c t r i c a l  In tegra t ion  Panel . . . . . . . . . . . . . . 35 
Crew Safety Systems Panel . . . . . . . . . . . . . 35 

F l i g h t  Test A r t i c l e s  . . . . . . . . . . . . . . . 35 
Ground Test A r t i c l e s  . . . . . . . . . . . . . . 37 

LUNAR EXCURSION MODULE . 0 . . 0 0 0 0 0 0 0 0 37 

C o m n d  and Service Modules . . . . . . . . . . 39 
Lunar  Excursion Module . . . . . . . . . . . . . 39 

MISSION SI?!4IJLATORS . . . . . . . . . . . . . . . 40 

LUNAR EXCURSION PIODULE FREE-FLIGHT SIMULATORS . . 0 0 0 4-0 



c iii 

Sect ion Page 

OPERATIONS 42 

S P A C E C W T  CHFXKOUT ..................... 42 

PREFLIGHT .......................... 42 

. 
GROUNDTESTPROGRAM 43 

COMMAND AND SERVICE MODULES . . . . . . . . . . . . . . . . .  43 

A i r f r a m e 0 0 8  ........................ 43 

LUNAR MCURSIONMODULE .................... 43 

GROUND SUPPOEET EQUIPMENT PROGRAM . . . . . . . . . . . . . . . .  4.4 
COMMAND AND SERVICE MODULES . . . . . . . . . . . . . . . . .  4.4 
LUNAR EXCURSIONMODULE 45 

F L I G H T P R O G W  ......................... 46 

SAT.N ............................ 46 

MICROMETEOROID M P E R l M E N T S  . 46 

COMMAND AND SERVICE MODULES . . . . . . . . . . . . . . . . .  47 

Boilerplate No . 6 ..................... 47 
B o i l e r p l a t e N o  . I2 ..................... 47 
Boilerplate No . 13 ..................... 47 

LAUNCHENVIRONMENT ...................... 48 

A i r f r a m e  No . Oog ...................... 48 

SPACECRAFT QUALIFICATION . . . . . . . . . . . . . . . . . . .  48 

STRUCTURAL QUALIFICATION . . . . . . . . . . . . . . . . . . .  49 

P A D A B 0 R T A N D L I T T L E : J O E I I  49 

I J T T L E  J O E  I1 LAUNCH VEHICLE DEVELOPMENT 50 



i v  

Sec t ion  Page 

F A C I L I T I E S  0 51 

COMMAND AND S E R V I C E  MODULES . . . . . . . . . . . . . . . . 51 
LUNAR EXCURSION MODULE . . . . . . . . . . . . . . . . . . . . 52 

White Sands M i s s i l e  Range F a c i l i t i e s  . . . . . . . . . . 52 
G r u m m a n  A i r c r a f t  Engineering C o r p o r a t i o n  F a c i l i t i e s  P lan  . . 53 

PROGRAM EVALUATION AND REVIEW TECHNIQUE ( P E R T )  . . . . . . . . 53 

PUBLICATIONS . . 0 54 

COMMUNICATION AND INSTRUMENTATION . . 0 55 

ENVIRONMENTAL CONTROL SYSTEM . 55 

ELECTFUCAL POWER SYSTEM . . 0 55 

ENGINEERING S I M U I A T I O N  . . . 55 

FLIGHT TECHNOLOGY . . . e e 0 56 

GROUND SUPPORT EQUIPMENT . . . . . . . . . . . . . . . . . 56 

PROPULSION - REACTION CONTROL SYSTEM . . . . . . . . . . 56 

SIMULSlTORS.  . 0 57 

STRUCTURES . 0 5'7 



. 

NATIONAL AERONAU!TICS AND SPACE ADMINISTRATION 

A P O U O  SPACECRAFT PROJECT 

QUARTERLY STATUS REPORT NO. 4 

FOR 

PERIOD ENDINCr JUNE 30, 1963 

by Manned Spacecraft Center 

FOREWORD 

This report  i s  t h e  four th  i n  a s e r i e s  of repor t s  on the  s t a t u s  of 
t he  Apollo Spacecraft Project  f o r  t he  manned lunar  landing program. 
t h i r d  s t a t u s  repor t  described the  development of spacecraf t  modules and 
systems through March 31, 1963. 
changes i n  s t a t u s  during t h e  second quarter  of 1963. 

The 

This report  r e f l e c t s  a c t i v i t i e s  and 



SUMMARY 

. 

The spacecraf t  and launch vehicle, being developed by the  Manned 
Spacecraft  Center (MSC) and t h e  George C .  Marshall Space F l igh t  Center 
(MSFC), respect ively,  comprise t h e  Apollo space vehicle  ( f igu re  1) . 
The Apollo spacecraf t  configuration i s  shown i n  f igu re  2 .  

The spacecraf t  i s  composed of separable modules, including a 
Comniand Module (C/M) which houses the crew from t h e  e a r t h  t o  t h e  v i c i n i t y  
of t he  moon and r e tu rn  t o  t h e  ear th ,  a Service Module (S/IvI) which 
contains the  propulsion system as well as o ther  systems, and a Lunar 
Excursion Module (.LEN) which separates from t h e  Command and Service 
Modules when i n  lunar  o r b i t  and descends t o  t h e  lunar  surface for manned 
explorat ion.  

The Saturn V w i l l  be the  bas ic  launch vehicle  f o r  lunar missions. 
The Saturn V cons is t s  of t h ree  stages:  t h e  S-IC, S-I1 and S-IVB. The 
S-IC uses LOX-RP-1 propel lants  for f i v e  F-1 engines. The S-I1 s tage 
uses LOX-LH2 propel lants  f o r  f i v e  5-2 engines.  The S-NB stage uses 

LOX-LH2 propel lan ts  fo r  one J-2 engine. 

Major accomplishments of the  Apollo Spacecraft  Project  during t h i s  
repor t ing  period were: 

a.  Contract negot ia t ions with a l l  major contract  elements f o r  
t h e  Apollo spacecraf t  have been completed. 

b .  The wind tunnel  program on the  Comand and Service Modules i s  
90 percent complete. 

c .  The f i r s t  f l i g h t  t e s t  a r t i c l e s  (Boi le rp la te  No. 6 and 
Qual i f ica t ion  Test Unit No. 1) f o r  pad abor t  and L i t t l e  Joe I1 t e s t s  
have been completed and are ready f o r  t e s t i n g  at White Sands Missi le  
Range, N, M. 

d .  The majori ty  of t h e  LEM subsystems contractors  have been 
se lec ted ,  and work i s  underway. 

e .  The guidance computer f o r  the Command Module Guidance and 
Navigation System has been redesigned t o  increase t h e  capacity of t he  
f ixed  memory from 12,000 words t o  24,000 words. 
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MISSION PLAN 

The object ive of t h e  Project  Apollo lunar  landing mission i s  f o r  
manned expeditions t o  car ry  out l imi t ed  s c i e n t i f i c  observations on t h e  
lunar  surface followed by the  sa fe  r e tu rn  of t h e  crew t o  e a r t h .  

A revised vers ion of t h e  Apollo Lunar Landing Mission Design Plan 
document w a s  d i s t r i b u t e d  i n  A p r i l  1963 t o  t he  various spacecraf t  
contractors  and t o  the  NASA centers .  This revised vers ion contained 
more d e t a i l  than t h e  previous ed i t ion ,  p a r t i c u l a r l y  i n  t h e  t r a j e c t o r y  
ana lys i s  and Contingency operat ions sec t ions .  Although t h e  emphasis 
i n  t h e  mission p r o f i l e  w a s  on designing f o r  m a x i m u m  f l e x i b i l i t y  r a t h e r  
than f o r  a spec i f i c  mission, it s ing le  reference t r a j e c t o r y  for a t y p i c a l  
mission w a s  included i n  order  t o  b e t t e r  o r i en t  t h e  reader .  

Major developments during t h i s  quar te r  i n  the  mission planning 
a rea  included the fol lowing:  

a. Defini t ion was made of t h e  minimum and maximum durat ion of 
each phase of the  Apollo lunar  landing mission t o  which t h e  spacecraf t  
must  be designed. 

b .  The impulse requirements of the  L;EM were s tudied  i n  d e t a i l  by 
MSC and Grummari Ai rc raf t  Engineering Corporation, and a LEM Delta V 
budget was subsequently spec i f ied  t o  G r m a n  Ai rc ra f t  Engineering 
Corporation. 

c .  Mission p r o f i l e s  were spec i f ied  t o  North American Aviation, 
Inc.  on  which w i l l  be based t h e  r e l i a b i l i t y  analyses f o r  determining 
t h e  probabi l i ty  of mission success and crew sa fe ty .  North American 
Aviation, Inc.  w i l l  a l s o  analyze add i t iona l  missions supplied them 
t o  determine t h e i r  impact on systems design. The r e s u l t s  of these  
s tud ies  w i l l  be ava i lab le  during the  next quar te r .  

A s i m i l a r  exercise  i s  proceeding with Grumman Ai rc ra f t  Engineering 
Corporation t o  specify t h e  mission models t o  be used f o r  ca lcu la t ing  
crew safe ty  and mission success.  This will be completed i n  the  next 
quar te r .  

d .  A six-month study of contingency ana lys i s  during lunar  oper- 
a t ions  w a s  completed by t h e  General E l e c t r i c  Company Apollo support 
group. 

e .  Grumman Aircraf t  Engineering Corporation e f f o r t  i s  continuing 
s a t i s f a c t o r i l y  on t h e i r  f i r s t  mission ana lys i s  repor t  which i s  due 
e a r l y  i n  the  next quar te r .  E f fo r t s  a r e  beginning.at  Grumman Aircraf t  
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Engineering Corporatlon and are beir?g coordinated with current s tud ies  
a t  North Anerican Aviation, Inc.  on a detailed abor t  l o g i c  program 
wkLich w i l l  u l t imately be used t o  determine t h e  bes t  course of ac t ion  
and required procedures i n  t h e  event of a contingency during t h e  Apollo 
mission. 

f .  North American Aviation, Inc.  i s  updating t h e i r  lunar  landing 
mission operations ana lys i s  r epor t .  The revised version, due next 
quar te r ,  w i l . 1  include contingency operations and crew a c t i v i t i e s .  A 
preliminary version of a s i m i l a r  ana lys i s  for a t y p i c a l  e a r t h  o r b i t a l  
mission has been completed. 

g .  Mission planning for t h e  unmanned o r b i t a l  Boi lerplate  No. 18 
mission, t he  umanned suborbi ta l  Airframe 009 mission, and t h e  manned 
o r b i t a l  A i r f r a m e  011 mission is proceeding t o  e s t a b l i s h  t h e  spacecraft  
configurations and t h e  preliminary mission p lans .  This w i l l  be 
completed e a r l y  i n  t h e  next quar te r .  

SPACECRAFT AND ADAPTEB DESIGN A.ND DEVELOPMENT 

The Apollo Com-and Module, Service Module, and Lunar Excursion 
Module are shown i n  f igu re  3. An adapter provides t h e  attachment 
between t h e  launch vehicle and -the spacecraft .  The Lunar Excursion 
Module i s  housed within t h i s  adapter during launch. 

North American Aviation, I ~ i c  . , Space and Information Systems 
Division, i s  t h e  prime contractor f o r  development of t h e  Command and 
Service Modules, adapter, associated ground support equipment (GSE), 
and spacecraf t  i n t eg ra t ion .  The two major a s soc ia t e  contractors are 
Massachusetts I n s t i t u t e  of Technology (MIT) Instrumentation Laboratory, 
responsible  for development of t h e  guidance and navigation system,and 
G r m a n  Ai rc ra f t  Engineering Corporation, responsible f o r  developnent 
of t h e  Lunar Excursion Module. 

COMMAID AND SEEVICE MODULES 

The Command Module, shown i n  f igu re  4, i s  t h e  space vehicle  command 
center  from which a l l  crew-init iated cont ro l  functions are performed 
during t h e  launch, t rans lunar ,  t ransear th ,  e a r t h  reentry,  and landing 
phases of t h e  mission. 

The Service Module,shown i n  f igu re  5 ,  i s  unmanned and contains 
t h e  propulsion system for midcourse correction, e n t r y  i n t o  lunar  o r b i t ,  



e x i t  from lunar  o rb i t ,  and f o r  lunar-orbi t  rendezvous a s  a backup t o  
the  Lunar Excursion Module propulsion. The Service Module i s  non- 
recoverable and w i l l  be j e t t i soned  p r i o r  t o  e a r t h  reent ry .  

Launch Escape System 

A t o t a l  of eleven successful  f i r i n g s  have been conducted with t h e  
launch escape motor. Two i g n i t e r  f i r i n g s  with hotwire car t r idges  
showed no change i n  output cha rac t e r i s t i c s  over t h e  exploding bridge 
wire version. Development t e s t i n g  i s  scheduled t o  be completed by 
Ju ly  8, 1963. 

Eleven p i t ch  control  motors were f i r e d  during t h i s  period. During 
lateral  acce lera t ion  t e s t i n g  i n  which a motor was f i r e d  under 
Q loading, the  a f t  closure b o l t s  f a i l e d  due t o  over-pressurization of 
t he  motor. It was found t h a t  a nozzle s ized  f o r  a 1,700-lb-sec 
impulse motor had been i n s t a l l e d  on a 3,000-1b-sec impulse motor. 
This t e s t  w i l l  be repeated. Development t e s t i n g  i s  scheduled f o r  
completion by J u l y  15, 1963. 

Five tower j e t t i s o n  motors with modified nozzles were f i r e d  
during t h i s  per iod.  One of these  motors u t i l i z e d  hotwire car t r idges .  
The development program i s  t o  be completed by Ju ly  16, 1963. 

The launch escape syste.m copTiguration i s  shown i n  f igu re  6. 

Command Module S t ruc tu ra l  System 

Thermal expansion between t h e  forward heat sh i e ld  and t h e  crew 
compartment heat sh i e ld  i s  expected t o  cause excessive gap widths 
between t h e  two sh ie lds .  Designs t o  e l iminate  t h e  gap a r e  being s tudied.  

The explosive bo l t  between t h e  launch escape system tower and the  
Command Module has been redesigned t o  incorporate  a linear-shaped 
charge separat ion mode i n  addi t ion  t o  t h e  explosive separat ion.  Two 
sources f o r  t h e  bo l t  a r e  being se lec ted  f o r  p a r a l l e l  programs. 
The bol t  i s  scheduled f o r  f i r s t  f l i g h t  usage on Boi le rp la te  No. 12. 

Service Module S t ruc tu ra l  System 

A l l  s t r u c t u r a l  design drawings f o r  t h e  Servide Module were 
released during May 1963, as  scheduled. 

Venting requirements f o r  t h e  Service Module and adapter have been 
coordinated with MSFC f o r  launch vehic les  SA-6 through SA-111. The 

venting scheme as recommended w a s  accepted by t h e  MSC-MSFC Mechanical 
Integrat ion Panel on May 8, 1963. .* 

. 
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Tests of two major Service Module components have been completed. 
In  t h e  radial beam tes t  (ATR 301-5), completed May 3,  1963, the 
beam sustained a l l  imposed loading conditions.  The af t  bulkhead t e s t  
specimen (ATR 301-3) f a i l e d  a t  123 percent of the  l i m i t  load f o r  t h e  
f i r s t  s tage  and boost condition. Local crushing of the honeycomb 
core under the  f u e l  tank support s k i r t  caused a bond delamination of 
t h e  bulkhead facing sheets  and honeycomb core. 
redesigned as follows: 

The af t  bulkhead w i l l  be 

a .  The dens i ty  of t h e  honeycomb core under the tank support 
s k i r t  w i l l  be increased t o  e l iminate  t h e  l o c a l  crushing. 

b. The joint. between t h e  a f t  bulkhead and radial beams w i l l  be 
s l i g h t l y  modified t o  obtain better load d i s t r i b u t i o n .  

C r e w  Equipment 

The crew couch i s  being redesigned i n  accordance with t h e  
following: 

a.  One-position couch ( t h a t  i s ,  no t r a n s l a t i o n  along the  Z-axis) 

b. Fixed back angle of 2 degrees (measured from a plane normal t o  
t,he spacecraf t  X-axis) 

c .  Special  provisions f o r  u t i l i z i n g  rendezvous windows 

d .  Provisions f o r  fo ld ing  l egs  t o  provide addi t iona l  s t roke  
on e a r t h  impact 

e .  
v i s ion .  

Relocation of main panel t o  provide more e f f e c t i v e  reach and 

An m a l y s i s  of t h e  MSC-sponsored human impact t e s t  programs has 
r e s u l t e d  i n  changes t o  the  nominal or normal mission impact to le rance  
l i m i t s .  
design are shown i n  table I. 

The l i m i t s  now being used f o r  t he  Apollo Ear th  Landing System 

. 
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TABLE I.- EARTH LANDING SYSTEM DESIGN LIMITS 

Forward (eyeballs i n )  

Backward (eyeballs out)  

Lateral  (eyeballs side- 
ward) 

Headward (eyeballsdown: 

Tailward (eyeballs up) 

NOMINAL 

Peak g Onset g/sec 

20 10,000 

20 10,000 

15 1,000 

15 500 

15 500 

Peak g 

40 

40 

20 

20 

15 

EMERGENCY 

Onset g/sec 

10,000 

10,000 

1,500 

500 

5,000 

MSC i s  continuing t h e  t e s t  programs, with spec ia l  emphasis on 
combinations of t h e  d i rec t ions  l i s t e d  i n  table I. 

MSC and North American Aviation, Inc.  have completed a comprehensive 
review of the  i n i t i a l  phase of t h e  Apollo centrifuge program. 
schedule i s  r e a l i s t i c  for a s t a r t i n g  da te  i n  t h e  t h i r d  quarter  of 1963. 
Consideration i s  being given t o  delaying t h e  program six t o  e ight  weeks 
i n  order t o  permit completion of an MSC physiological  program on t h e  
centr i fuge.  North American Aviation, Inc.  i s  inves t iga t ing  t h e  
e f f e c t  of such a delay on t h e i r  o v e r a l l  system requirements. 

The 

North American Aviation, Inc.  has redesigned t h e  main control  panel 
t o  be compatible with t h e  new couch design; t h e  design change has 
s l i g h t l y  a l t e r e d  the  angle of t h e  panel and has lowered the  t o p  of t h e  
panel toward t h e  blunt end of t h e  spacecraf t .  The new panel w i l l  have 
more t o t a l  area than previously; it w i l l  present t o  t h e  crew l e s s  
height but  s l i g h t l y  more width. Layouts of t h e  p a n e l  were completed T 

during June 1963 and are now under review by t h e  MSC. 

The r o t a t i o n a l  hand cont ro l le r  w i l l  be similar i n  appearance and - 
p i l o t  operation t o  t h e  Gemini control ler ;  mechanization of t h e  cont ro l le r  
w i l l  d i f f e r  from t h e  Gemini system i n  order t o  meet Apollo requirements. 

The window covers have been deleted.  A heat r e s i s t a n t  recessed 
window design has been adopted; t h e  new design w i l l  provide ex terna l  
v i s i b i l i t y  during launch and make Command Module heat protect ion l e s s  
dependent on t h e  operation of mechanical devices.  
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MSC and North American Aviation, Inc.  a r e  cu r ren t ly  examining 
operat ional  approaches and e a r t h  vs. spacecraft  sensor t rade-offs  i n  
order t o  def ine t h e  spacecraf t  rad ia t ion  instrumentation system. 

Environmental Control System (ECS) 

A separate  tank t c  contain freon f o r  boost cooling was added. The 
capacity of t h e  potable  water tank w a s  reduced from 64 pounds t o  
36 pounds. The ne t  e f f e c t  of these  and o ther  minor changes i s  a 
reduct ion i n  weight and an j-ncrease i n  t h e  r e l i a b i l i t y  of t h e  water 
management system. 

The e a r t h  o r b i t  capab i l i t y  of the ECS i s  a t  least t e n  days f o r  
a worst-case r a d i a t o r  o r i en ta t ion .  This capab i l i t y  i s  extended t o  
a f u l l  14 days wi th  r ad ia to r  or ien ta t ion .  

The requirement f o r  provisioning the  ECS water tanks with post- 
landing water has been de le ted .  
remaining i n  t h e  tanks a f t e r  landing w i l l  s t i l l  be provided. Eighteen 
pounds of' postlanding surv iva l  water i s  furnished i n  t h e  survival  k i t .  

Spigots t o  provide access t o  water 

The addi t ion  of a surge tank to  the oxygen supply system t o  maintain 
cabin pressure above 3.5 psia f o r  a shor t  per iod of t i m e  during severe 
cabin leakage has enabled de le t ion  of t h e  7,500-psia GOX entry supply 
assembly. The 14-in.  i n s ide  diameter surge tank  containing approximately 
4.5 pounds of GOX a t  900 p s i a  w i l l  be t h e  primary en t ry  oxygen supply 
source. 
support system connected t o  t h e  ECS. 

A redundant e n t r y  oxygen supply source i s  a portable  l i f e  

North American Aviation, Inc.  received t h e  f irst  shipment of 
Test ing of the  coldplates  manufactured by Atomics In te rna t iona l .  

coldplates  w i l l  begin on July 1, 1963. North American Aviation, 
Inc .  w i l l  manufacture airframe coldplates  in-house. 

AiResearch i s  conducting extensive water b o i l e r  tests.  Results 
i nd ica t e  t h a t  back-pressure cont ro l  w i l l  be required t o  exercise  
s a t i s f a c t o r y  t r a n s i e n t  cont ro l .  
g lycol  evaporator configurat ion has been deemed s a t i s f a c t o r y .  

Freeze r e s i s t ance  of t h e  present 

General Technology Corporation has been chosen t o  furnish the vacuum 
chamber and pumping system which will be used i n  the  ECS breadboard t e s t s .  
Progress on t h e  bas ic  f a c i l i t y  has been s a t i s f a c t o r y .  
tes ts  are scheduled t o  begin i n  October 1963, and manned t e s t s  w i l l  
begin i n  January 1964. 

Unmanned 

North American Aviation, Inc .  w i l l  procure a NASA-developed 
C02 sensor f o r  use i n  the  Command Module. NASA will completely qual i fy  
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t h i s  u n i t ,  and North American Aviation, Inc. w i l l  buy it on a p a r t  number 
basis .  

North American Aviation, Inc. negotiations with AiResearch have pro- 
ceeded s a t i s f a c t o r i l y  throughout t h i s  quarter. 
Inc. has published the  formal ECS procurement spec i f ica t ion ,  a d  negotia- 
t ions  should be concluded e a r l y  i n  the next quarter.  

North American Aviation, 

Guidance and Navigation System 

The Raytheon Corporation selected the  Fa i rch i ld  Company t o  supply the 
f i r s t  production quant i ty  of TO-47 micrologic un i t s  f o r  the Apollo gui- 
dance computer and r e l a t ed  GSE. 
plan, a l l  Apollo guidance computer Class B drawings were released. 

I n  accordance with the  schedule recovery 

The Guidance and Navigation System GSE schedule requirements a r e  
being met by AC Spark Plug, Raytheor Corporation, and Killsman Instrument 
Corporation. 

Three pulse in t eg ra t ing  peradulum accelerometers were delivered t o  MIT 
by the Sperry Gyroscope Compaq, bringing the t o t a l  t o  twelve. 

A t o t a l  of t en  i n e r t i a l + e f e r e n c e  in tegra t ing  gyros have been de l iv-  
ered t o  MIT by AC Spark Plug. 

The AC Spark Plug, Raytheon Corporation, and Kollsman Instrument 
Corporation Statement of Work amendments f o r  f i e l d  support and associated 
spares were prepared. 
par t ic ipa t ing  contractors ,  and a cos t  proposal f o r  t h i s  e f f o r t  i s  present ly  
undergoing analysis.  
July. 

The general  requirements were negotiated with the 

The negot ia t ion f o r  t h i s  e f f o r t  w i l l  begin i n  l a t e  

The MIT s tudies  have shown t h a t  the method of t ranslunar  i n j ec t ion  
requi res  400 words of computer storage,  and the midcourse guidance method 
requires  500 words  of computer storage. The o r i g i n a l  estimate for  t rans-  
lunar in jec t ion  and lunar  o r b i t  de-boost was a maximum of 1000 words, but  
t h i s  requirement i s  now accurately estimated a t  only 400 words. 

The AC Spark Plug contract  was reviewed and approved by NASA 
Headquarters with ce r t a in  c l a r i f i c a t i o n  comments. 
had already signed t h i s  cont rac t ,  these comments a re  being reviewed with 
AC Spark Plug. 

Since AC Spark Plug 

S t a b i l i z a t i o n  and Control System 

The S tab i l i za t ion  and .Control System design was frozen on 
June 21, 1963 subject  t o  formal change cont ro l  subsequent t o  t h i s  date. 
The c i r c u i t  development for t he  a t t i t u d e  u r o  accelerometer package 

. 
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logic  was completed. 
completed, and a l l  compatability problems were resolved. The manual 
control  design spec i f ica t ion  revis ion w a s  completed. The drawings were 
released f o r  t h e  bench maintenance equipment funct ional  Model A. 

The functional breadboard of t h e  AV display w a s  

Sa t i s fac tory  progress i s  being made i n  a l l  design and development 
areas,  and approximately 85 percent of the  S t a b i l i z a t i o n  and Control 
System i s  i n  breadboard tes t .  

Astronauts evaluated t h e  two hand cont ro l le r  revis ions at 
Minneapolis-Honeywell Regulator Company and recommended t h a t  the 
r o t a t i o n a l  cont ro l le r  be a "stand-up" type s t i c k  with t h e  p i t c h  and yaw 
axes pivot  points mechanized through t h e  palm of the  hand and t h e  roll 
axis pivot  mechanized through e i t h e r  the  center of t h e  hand or a t  the 
base of t h e  hand below t h e  pitch-yaw pivots.  

Layout of t h e  r a t e  gyro package e lec t ronics  has been completed, 
and t h e  d e t a i l i n g  of p a r t s  has s t a r t e d .  Detail drawings f o r  the r a t e  
gyro package and f o r  t h e  a t t i t u d e  gyro accelerometer package main 
cas t ing  have been completed and released t o  the  vendor. The a t t i t u d e  
gyro accelerometer package tes t  set design i s  30 percent complete. 
Manual controls  t e s t  s e t  drawings were released, and fabr ica t ion  i s  
60 percent complete. North American Aviation, Inc.  has directed 
Minneapolis-honeywell Regulator Company t o  procure in te r face  connectors 
d i r e c t l y  from t h e  vendor, Hughes Aircraf t  Company. 

The prototype S tab i l iza t ion  and Control System/Service Propulsion 
System gimbal actuator  w a s  received by North American Aviation, Inc.  
from Aerojet General Corporation, and preliminary low frequency 
tes ts  on t h e  engine i n e r t i a  simulator v e r i f i e d  t h e  actuat ion response 
c h a r a c t e r i s t i c s  . 

A t o t a l  of twelve interface coordination documents between North 
American AviatI.on, Inc.  and Massachusetts I n s t i t u t e  of Technology on 
t h e  Guidance and Navigation/Stabilization and Control System in te r face  
have been signed o f f .  

c Reaction Control System 

Five experimental Comiand Module engines with an expansion r a t i o  
of 1O:l have been f i r e d  i n  t h e  pulse width versus char depth t e s t  
s e r i e s .  A l l  engines completed t h e  reqGired burning time with no 
s i g n i f i c a n t  degradation i n  performance. 
than t h e o r e t i c a l l y  predicted for t h i s  configuration. 

Overall performance w a s  b e t t e r  

Four addi t iona l  engines with a n  expansion r a t i o  of 1O:l have been 
t e s t e d  t o  t h e  Apollo mission duty cycles a t  a l t i t u d e  conditions.  
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;,iodified inner ablat ive,  conbustion-zone inner  l i n e r s  were t e s t e d  i n  
three  of these engines t o  reduce mater ia l  "spall ing" which had previously 
occurred. Signif icant  improvement was obtained with t h e  modified 
l i ne r s ,  one of which w i l l  be incorporated i n  t h e  prototype design 
re lease .  

The completion of phase I and I1 j e t  plume tes ts  concluded t h e  
Service Module Reaction Control System plume v isua l iza t ion  and 
impingement t es t  s e r i e s .  
t heo re t i ca l  prcdictions,and no fi ir ther t e s t s  a r e  contemplated. 

Results have been i n  agreement with the  

Two pre-prototype Command Module engines with 40: 1 expansion 
r a t i o s  have been f i r e d  with varying pulse widths of from 10 t o  
>O milliseconds.  
bit-measuring capab i l i t i e s  of t h e  f a c i l i t i e s .  It w a s  indicated t h a t  
some modifications may be necessary t o  insure r e l i a b l e  data .  

Fir ings were pr imari ly  intended t o  check out impulse 

Service Module Propulsion System 

During t h i s  report ing period, t he  f i r s t  simulated engine w a s  
delivered t o  North American Aviation, Inc.  and i n s t a l l e d  on t h e  F-3 
Test Fixture .  Preliminary cold flow t e s t s  were started but were 
suspended f o r  a shor t  i n t e r v a l  t o  allow i n s t a l l a t i o n  of a new propel lant  
l i n e  configuration. 
engine approximately 10 inches.  
exchanger t e s t  f i x t u r e  a t  North American Aviation, Inc . /Downey indicated 
t h a t  low pressure heat exchangers a r e  t h e  proper configuration f o r  t h e  
Service Propulsion System. 
exchangers manufactured in-house by North American Aviation, Inc., and 
t h e  t e s t  r e s u l t s  a r e  very encouraging. 

This new configuration i s  a r e s u l t  of lowering t h e  
Preliminary t e s t  da ta  from the  heat 

These t e s t s  were run with b a t t l e s h i p  heat 

The manufacture of T e s t  Fixtures  F-1 and F-2 proceeded on schedule. 
These f ix tu re s  w i l l  be i n s t a l l e d  a t  Sacramento, California,  and White 
Sands Missile Range, respect ively,  during t h e  next quar te r .  

During t h i s  period, subvendors began work on many of t h e  major 
components of t h e  Service Propulsion System. 

Allison Division of General Motors Corporation, t he  propel lant  
tank manufacturer, b u i l t  and t e s t e d  a model propel lant  tank. A 
Minuteman tank w a s  fabr ica ted  t o  Apollo spec i f ica t ions  t o  prove t h e  
technique of fusion welding t i tanium wi th  l o c a l  i n e r t  gas shielding 
'li;tead of a n  i n e r t  gas chamber. The tank sustained 1,500 normal 
pressure cycles without f a i l u r e  and w a s  then purposely overpressurized 

n t i l  f a i l u re  occurred a t  t h e  predicted b u r s t  pressure.  
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Acceptance t e s t h g  of t he  f i r s t  f u l l  sca le  Arnold Engineering 
and Development Center (AEDC) engine w a s  completed at the Aerojet 
f a c i l i t y  i n  Sacramento, Cal i fornia ,  ar,d t h e  engine was shipped t o  
AEDC on May 22, 1963. Problems encountered by AEDC t e s t  personnel 
during the  preparat ion of t h e i r  tes t  f a c i l i t i e s  delayed completion 
of the  engine i n s t a l l a t i o n  u n t i l  June 21, 1963. 
continued t o  be delayed by the  d i f f i c u l t y  of lowering the  c e l l  
pressure t o  the  l e v e l  req!!ired f o r  operating t h e  60:i a rea  r a t i o  nozzle 

Hot f i r i n g  t e s t s  

During f ab r i ca t ion  of the  columbium-titanium nozzle extension, 
cracking i n  the  heat-affected zone was detected.  Tests  were conducted 
on welded samples t o  determine correct ive act ion,  and improved techniques 
are now being used i n  t h e  f ab r i ca t ion  process.  The f i r s t  columbium- 
t i t an ium nozzle w a s  coated with a nickel-aluminum-silicon composition 
appl ied by the  Advanced Materials and Processes Co., Los Altos, 
Cal i forn ia .  This nozzle w a s  shipped t o  AEDC f o r  use on t h e  f i r s t  t es t  
engine. 

A conservative nozzle extension design w a s  i n i t i a t e d  t o  insure 
t h a t  Phase I t e s t i n g  a t  AEDC would not be delayed because of development 
problems with the  coiumbium-titanium nozzle. The backup design 
employed an a l l - t i t an ium nozzle s k i r t  strengthened r a d i a l l y  and 
longi tudina l ly  with Haynes a l l o y  25 s t i f f e n e r s  r ive t ed  t o  t h e  
t i tanium. Attachment of the nozzle s k i r t  t o  t h e  ab la t ive  chamber w a s  
accomplished with a f l a r e d  sheet-metal f lange  a t  an a rea  r a t i o  of 12:l. 

I n j e c t o r  development e f f o r t s  were concentrated on t h e  unbaffled 
quadlet  and doublet pa t t e rns .  
w a s  demonstrated with each pa t te rn ,  but i n i t i a l  t e s t s  with ab la t ive  
chambers r e su l t ed  i n  excessive ablat ion and s l i g h t  s t reaking.  
Modifications were made on each pat tern,  and improvements i n  t h r u s t  
chamber compatibi l i ty  were obtained. 
by balancing the  propel lant  d i s t r ibu t ion  i n  the  i n j e c t o r  headers 
through t h e  i n s t a l l a t i o n  of flow def lec tors  i n  t h e  headers a t  t h e  
o u t l e t s  of t he  t h r u s t  chamber valve.  

A combustion e f f ic iency  (C*) of 98 percent 

S t a r t  t r a n s i e n t s  were improved 

Thrust cham-ber valve tests have shown both s t a b l e - s t a r t  and 
s teady-s ta te  t r a n s i e n t s .  
only one bank of t h e  valve indicated only a s m a l l  d.egra:dation i n  
t h r u s t .  

Simulated malfunction tes ts  made by ac tua t ing  

Two non-firing (simulated) engines were del ivered t o  North 
American Aviation, Inc.  for use as cold flow and f i t  check f i x t u r e s .  
Delivery dates  were Apri l  8, 1963 and June 8, 1963. 



Communication System 

A l l  communications subsystems have been func t iona l ly  breadboarded, 
and a l l  par ts  f o r  engineering models ("E" Models) have been ordered. 

A two-point, i n - f l i gh t  ca l ib ra t ion  system has been included within 
the  pulse code modulation equipment. 

The requirement for a loud speaker i n  the  command module has been 
deleted.  

The up-data implementation plan and preliminary spec i f ica t ion  which 
were prepared by North American Aviation, Inc. have been reviewed by the 
Manned Spacecraft Center. 

MSC has decided t o  use a PAM/FM/l?M telemetry system f o r  accommodating 
f l i g h t  qua l i f ica t ion  telemetry requirements on Airframes 009 t o  011. 

Action has been i n i t i a t e d  t o  provide an electrostat ical ly-focused 
klystron made by E t t o n  Indus t r ies ,  Inc. a s  a backup t o  the traveling- 
wave tube made by Hughes Ai rc ra f t  Corporation. 

The HF t ransceiver  c a r r i e r  frequency has been changed from the 15 mc 
region t o  10.006 mc t o  improve RF propagation and t o  reduce equipment 
c o q l e x i t y .  

, 

Collins Radio Compam has received cont rac tua l  authorizat ion from 
North American Aviation, Inc. t o  de l e t e  pulse mode operation and t o  pro- 
ceed on the design of a 3-watt cw VHF recovery beacon. 

North American Aviation, Inc. has awarded the  d i r ec t ab le  high-gain 
S-band antenna contract  t o  Avien, Inc. 

Operational Instrumentation System 

I n f l i g h t  ca l ibra t ion  a t  the  transducer l e v e l  has been deleted. 

North American Aviation, Inc. has received a d  evaluated responses 
t o  the  pressure, temperature, and accelerometer specif icat ions.  

The synchronization pulse output from the  guidance computer t o  the 
c e n t r a l  timing equipment has been changed from a 512-kc t o  a 1024-kc 
rate .  

North American Aviation, Inc. has been d i rec ted  t o  modify the data  
storage equipment t o  provide f o r  a 3.75 i p s  record speed and a I20 i p s  
f a s t  dump speed. The 14 i p s  mode w i l l  be maintained. 
w i l l  be i n i t i a t e d  t o  allow present  "E" Model development t o  continue on 

A p a r a l l e l  e f f o r t  



schedule. 
"D" Mod e 1. 

The change w i l l  be re f lec ted  i n  the f i r s t  development u n i t  or 

North American Aviation, Inc. has completed spec i f ica t ions  on the 
proton-directkonaland solar W a l e r t  subsystems of the  Radiation Ins t ru-  
mentation Sys tem. 

The s igna l  conditioner i n s t a l l a t i o n  design has been changed t o  allow 
ease of maintenance. 
mately three  pounds due t o  addi t iona l  heat  sink requirements encountered. 

This has resul ted i n  a weight increase of approxi- 

The following contracts  have been awarded: 

a. United Electrodynamics, Inc. - s igna l  conditioner amplifier 
module so 

b. Vector Manufacturing Company - s igna l  conditioner ac/dc 
converter modules 

C. Epsco, Inc. - s igna l  conditioner a t tenuator  modules. 

E l e c t r i c a l  Power System 

A Westinghouse E lec t r i c  Corporation inve r t e r  breadboard has been 
del ivered t o  North American Aviation, Inc.  Performance of the inve r t e r  
breadboard shows warm-up time, frequency modulation, amplitude modulation, 
and harnonic d i s t o r t i o n  t o  be within spec i f ica t ion  limits. 

The Boilerplate  No. 6 sequencer has been modified t o  provide a 
second arming re lay  and a GSE hardline monitoring capabi l i ty .  
Boi le rp la te  No. 12 sequencer has been redesigned f o r  hot-wire i n i t i a t o r s  
a d  for the provision of separate logic and pyrotechnic busses. 

The 

An engineering model of t he  In te rna t iona l  Telephone a d  Telegraph 
Corporation ba t t e ry  chargel. has passed electromagnetic interference t e s t s .  

Entry and p o s t - l a d i n g  ba t t e ry  drawings f o r  f ab r i ca t ion  a d  assembly 
of b a t t e r i e s  have been released. 

now 22 pounds. 

Development t e s t i n g  has begun a t  Eagle 
nr L -1. -. rli-cner Cofip1~- 011 2 2O-cell p r c t ~ t ~ ~ e  ~ X I ~ F J  b a t t ~ n r .  I3at.t.g~ weight is 

Table I1 shows f u e l  c e l l  t e s t  hours which had been accumulated a s  
of June 12, 1963. 
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Tota l  Times 
Tested 

Single  c e l l  38,144- 

S ix-ce l l  s tack 4,364. 

Thirty-one c e l l  s tack  1,951 

Independent module 1,510 

- 
TABLE 11.- FUEL CELL TEST DATA 

Load Time, Longest. S ingle  
h r  Test  of Load, h 

13 9 683 605 

2,453 438 

596 17 8 

570 l C j 2  

The sequencer design as it i s  now proposed i s  as follows: 

a. The automatic funct ions of t he  sequencer are:  

(1) The programing of t he  Launch Escape System rocket 
motors and s t ruc tu re  r e l ease  mechanisms upon r e c e i p t  of an abor t  s i g n a l  

( 2 )  The cont ro l  of t he  parachutes of the  Earth Landing 
System f o r  e i t h e r  a normal landing o r  i n  con.junction with an abor t .  

b. Manual funct ions include t h e  j e t t i son ing  of t h e  Launch 
Escape System tower and the  r e l ease  of t h e  main parachutes a f t e r  e a r t h  
contact .  

c.  The c i r c u i t r y  used t o  con t ro l  t h e  pyrotechnic devices  w i l l  
contain the following features:  

(1) 

( 2 )  

(3) 

Redundant systems with no interconnect ions 

Separate pyrotechnic and l o g i c  busses 

Separate pyro b a t t e r i e s  wi th  no e l e c t r i c a l  load o ther  
than the  electro-explosive devices 

(4) Provisions f o r  monitoring the  pos i t ion  of a l l  f i r i n g  
switches p r io r  t o  arming 

(5) Sol id-s ta te  timers connected t o  preclude a premature 
s igna l  



d. Spacecraft sequencers w i l l  employ so l id-s ta te  devices f o r  
a l l  timing and switching functions and motorswitches f o r  the  f i r i n g  of 
electro-explosive devices. 
boi lerpl .a te  t e s t s  have some non-solid components and relays.  

Prototype sequencers used on the  ea r ly  

Earth Landing System 

A t o t a l  of s ixteen parachute t e s t s  were conducted a t  E l  Centro, 
Cal.ifornia , during t h i s  report ing period. 
parachute t e s t s  arid a th ree-c lus te r  parachute Parachute Test Vehicle 
t e s t  with the r ing - sa i l  e f f ec t ive  reduced porosity i n  the crown (PDS 1543) 
were performed. Two modified r ing-sa i l  configurations were tested.  There 
were four  single-parachute t e s t s  and one two-parachute c l u s t e r  t e s t  with 
the  ha l f - r ing  s a i d h a l f - s o l i d  (PDS 2072) configuration. 
s a i l h a l f - r i n g  s l o t  (PDS 2071) two-parachute c l u s t e r  t e s t  was a l s o  con- 
ducted. 
dynamic interference with at tendant  high loads which caused f a i lu re .  

Two successful  drogue 

One half-r ing 

Eoth r ing - sa i l  modifications resul ted i n  severe c l u s t e r  aero- 

There were four Pioneer Parachute Company so l id  t r i c o n i c a l  parachute 
t e s t s .  
s imi l a r  t o  t h a t  observed on the r lng - sa i1 , c lus t e r  t e s t s .  
loads caused one canopy t o  f a i l .  

The two-parachute c l u s t e r  t e s t  resul ted i n  aerodynamic interference 
Resulting high 

Three successful Earth Ianding System t e s t s  were conducted wi th  
Boi le rp la te  No. 2 i n  support of Boilerplate No. 5 PA-1. 
System configuration i s  shown i n  f igure  7. 

The Earth Landing 

Boilerplate  No. 19 was shipped t o  E l  Centro f o r  t e s t i n g ,  and it i s  
now being modified t o  the  Boilerplate  No. 3 conf'iguration. 

The suspension angle of the  Command Module has been changed from 

A t o t a l  of 20 impact t e s t s  were conducted during t h i s  
5" t o  30". 
a t  t h i s  angle. 
repor t ing  period. 

Tests a re  continuing with Boilerplate Nos. 1 and 2 suspended 

Heat Shield 

A study of a l t e rna te  heat  sh ie ld  materials by North American Aviation, 
Inc. was concluded on June 10, 1963. 
of the T-500 mater ia l  made by Einerson E iec t r i c  Manur^acturing Zonpaqy an i  
t he  325 mater ia l  made by Dow Corning Corporation l i m i t  the  po ten t i a l  
appl ica t ion  on Apollo; therefore ,  North American Aviation, Inc. has 
discontinued work on the a l t e r n a t e  heat shield. 

The low-temperature performance 



Adapter 

The preliminary s i z e  of the adapter f o r  the  Saturn C-5 and S-IB i s  
350 inches i n  length. 
f ixed s t ructure  on the larding gear. 
a l l  length of the Saturn V spacecraft  adapter had been increased from 
318 t o  350 inches was o f f i c i a l l y  transmitted t o  MSFC on June 3, 1963. 

The LEM w i l l  be supported in the  adapter from a 
Information showing t h a t  the over- 

LUNAR EXCURSION MODULF: 

The Lunar Excursion Module serves a s  a s h u t t l e  vehicle f o r  t rans-  
f e r r ing  two of the  three crew members and t h e i r  payload from the Command 
Module i n  lunar o r b i t  t o  t he  lunar surface and then returning them t o  
the  Command Module. 
separation f r o m t h e  Command Module, lunar descent,  lunar landing, ascent,  
a d  rendezvous and docking with the  Command Module. 

Included i n  t h i s  operation a r e  the  functions of 

Following contract  award i n  January 1963, Grumman Aircraf t  Engineering 
Corporation urdertook a study program with the  following p r i o r i t y  items 
to receive emphasis during the first fou r  months: 
bution of equipment and consumables, f ire-in-the-hole,  v i s i b i l i t y ,  
ingress-egress, docking requirements, tankage s i z ing ,  thrust-vector 
control ,  and t a rge t  weights. 

cabin s i ze ,  d i s t r i -  

The study has been completed, and f igu re  9 i l l u s t r a t e s  the r e su l t i ng  
IEM configuration. 

Sa l ien t  fea tures  of the  configuration a re  discussed i n  subsequent 
sect ions . 

LEN Structure  

The IEM s t ruc ture  has reached the  point a t  which c e r t a i n  design 
f ea tu res  of the  configuration a r e  considered t o  be f i r m .  The ascent 
s tage has a horizontally-mounted c y l i d r i c a l  cabin wi th  a smaller diameter 
equipmnt compartment immediately a f t  of t h e  upper docking tunnel. 
forward cabin face has not been configured, but  i t s  design w i l l  be 
determined by v i s i b i l i t y  requirements ard the  docking system. 
stage propellant tanks a r e  v e r t i c a l l y  stacked on the  Y - a x i s ,  outboard of 
the cabin. 

The 

The ascent 

The LEM descent s tage s t ruc ture  cons is t s  of two p a i r s  of crossed 
v e r t i c a l  beams i n  theshapeof  a cruciform. 
located on the Z-axis and the  f u e l  tanks are on the Y-axis. 
accomodates the f our-leg deployable gear. 

The oxidizer  tanks a re  
This shape 



A stildy of LEM v i s i b i l i t y  requirements has begun a t  Gmumnan Aircraf t  
Enginesring Corporat-ion and MSC. 
v i s i b i l i t y  requirements f o r  landing, take-off, rerdezvous, and docking i n  
order t o  configure the cabin transparency s i z e s  a d  locations. 

The s t d y  goal i s  t o  define crew 

Gnmman Aircraf t  Engineering Corporation has been directed t o  s t d y  
t h o  e f f e c t s  of supporting JJPI i n  the adapter by a f ixed port ion of t h e  
l a d i n g  gear. 
a d  adapter separation w i l l  be investigated.  

Implications on s t r u c t u r a l  load paths,  dynamics, weight, 

LEM Landing Gear 

It is  ant ic ipated t h a t  t he  landing gear radius  and folded envelope 
w i l l  be selected i n  J d y  1963* 
be deployable . The gear w i l l  have fou r  legs  and w i l l  

A 1/6-scale larding gear model has been completed. Preliminary drop 
t e s t s  have been made t o  ver i fy  the  computer s t a b i l i t y  program. 
has been good. 
center  of gravi ty ,  and moment of i n e r t i a  charac te r i s t ics .  

Correlat ion 
The model is curren t ly  being updated t o  the  l a t e s t  weight, 

An in t e rp re t a t ion  of the h n a r  surface given i n  the  Statement of 
Work, f o r  use i n  landing gear design and s t a b i l i t y  analysis ,  has been 
furnished t o  Grumman Alrcraf t  Engineering Corporation. This gives an 
e f f e c t i v e  slope of approximately 11° f o r  the  s i ze  landing gear present ly  
d e r  considerat ion and a t o t a l  protuberance-to-depression height of 
approximately 24 inches 

Crew Equipment 

Regarding crew equipment, Grumman Ai rc ra f t  Engineering Corporation 
a d  the  YEC have resolved the following: 

a. Suit evaluat ion i s  expected t o  i n c l d e  a vehicle mockup 
i n s t a l l a t i o n  i.n an a i r c r a f t  f l y ing  zero and 1/6g t r a j ec to r i e s .  

b. The s u i t  assembly emergency oxygen supply W i l l  be employed 
a s  the  backup pressurizatioon-.and-oxygen supp3y during crew t r ans fe r  from 
tha C e ~ r s n d  X d d e  tc %he Lxmr Exc~a-sicm I.scjiiLe= This does not relieve 
the  r equ i r emnt  f o r  being able t o  e f f e c t  crew transfer, employing t h e  
Portable Life Support System, i n  the  event t he  LEN cannot be pressurized 
normally. 

c. The foim-hour operating cycle (Design Requirement) f o r  the  
Portable  Liife Support System should not be considered f o r  nom1 
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operation. 
contingency. 

The defined use cycle is three hours, with a one-hour 

d. Pending final definition of a waste management scheme, 
Grumman Aircraft Engineering Corporation will retain provisions for 
spacecraft stowage of human wastes. 

e. The thermal garment will not normally be worn while inside 
the LEM because of its affect on mobility. 
during preparation for egress or during prolonged cabin decompression. 
The MSC is studying the Command Module requirements for the garment 
during an unpressurized earth return. If no requirement exists, the 
thermal garments will be stowed in the LEM. 

It will be donned only 

f. The Portable Life Support System battery will be charged 
Oxygen and water cannot be charged before launch before earth launch. 

because of the cabin temperature variations during translunar flight. 
Tentatively, the water will be recharged directly from the drinking 
tube. 

The Massachusetts Institute of Technology has proposed the 
replacement of the scanning telescope within the guidance and navigation 
system with a fixed-base telescope. 
Corporation was informed of this new approach and was requested to 
determine the net effect of the proposed change, 
that extra uses for the scanning telescope can be alternately accomplished, 
and the significant weight savings for the MIT-proposed change can be 
realized. Conclusive evaluation, however, is not yet complete. 

Grumman Aircraft Engineering 

Early indications are 

MSC is conducting a preliminary assessment of Lunar Excursion 
Module crew visibility requirements. 
and utilization of results, the effort is being planned (objectives, 
procedures, phasing, configuration, et cetera) with Gnumnan Aircraft 
Engineering Corporation inputs. 
series of helicopter flights in which earthshine lighting conditions and 
LEM window configurations will be simulated and both related to 
helicopter landing techniques along representative LEX trajectories. 
Preliminary results are expected by mid-August 1963. 

In order to insure maximum validity 

A facet of the study is to include a 

Requirements for LEM controls and displays have been preliminarily 
defined as a result of a subsystem-by-subsystem functional analysis. 
Subsystem parameters which require display or control are currently 
included. 
total panel, but alternate arrangements are being devised. 

The subsystem panels have not been finally integrated into a 



IEM E n v i r o m n t a l  Control System 

Grumman Ai rc ra f t  Engineering Corporation has issued t h e  preliminary 
design cont ro l  spec i f i ca t ion  a d  vendor requirements document f o r  t h a t  
portion of t he  Environmental Control System (ECS) which i s  t o  be 
subcontracted t o  Hamilton Standard Division of United Aircraf t  Corporation. 
Both documents a r e  now being revised t o  r e f l e c t  changes r e su l t i ng  from 
negot ia t ions with Hamilton Standard and recommendations by the  MSC. 
ma,jor e f f e c t s  of these  changes a re  increased weight and power requirements 
and a delay i n  t he  r ece ip t  of prototype models a t  Crrumman Ai rc ra f t  
Engineering Corporation. 

The 

Grumman Ai rc ra f t  Engineering Corporation i s  studying the  
p o s s i b i l i t i e s  of designing the  LEM s u i t  c i r c u i t  fan  t o  be physical ly  
interchangeable with t h e  Command Module fan.  
i n  an e f f o r t  t o  increase  Command Module ECS r e l i a b i l i t y  by providing 
an addi t iona l  backup fan.  

This study was i n i t i a t e d  

It has been determined t h a t  it i s  both f e a s i b l e  and des i rab le  t o  
design t h e  LEM ECS t o  u t i l i z e  Portable Li fe  Support System l i thium 
hydroxide ca r t r idges  f o r  carbon dioxide cont ro l .  
concept w i l l  be conducted by Hamilton Standard s ince  a l l  work t o  da t e  
has been purely analytLca1 and must be v e r i f i e d  by t e s t .  

Further study of t h i s  

Grumman Ai rc ra f t  Engineering Corporation and t h e  MSC have agreed 
on an ECS common usage l i s t  of el.even items which w i l l  be incorporated 
i n t o  the  vendor requirements document. 
the  space s u i t  o r  Portable  Li fe  Support System. 

Five of t h e  items in t e r f ace  with 
The remaining items are:  

a.  Compressor check valve. 

b. Coolant pump. 

c. Coolant accumulator. 

d. Water check valve. 

e. Water shut-off valve. 

f .  Ground support equipment coolant disconnect. 

LEI4 Guidance and Navigation System 

The Statement of Work describing the  th ree  pa r t i c ipa t ing  cont rac tors '  
e f f o r t  i n  supporting t'ne LEM guidance and navigation conceptual design 
was prepared. 
A.C. Spark Plug Division of General Motors Corporation, and Raytheon 
Company . 

The cont rac tors  a r e  Kollsman Instrument Corporation, 

1 
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The procurement plan covering the  LEM guidance and navigation 

development, fabr ica t ion ,  t e s t  and f i e l d  support i s  being prepared, and 
i s  expected t o  be forwarded t o  NASA Headquarters by l a t e  Ju ly  1963. 

LEN Stab i l i za t ion  and Control System 

The Grumman Ai rc ra f t  Engineering Corporation repor t  on common 
usage was completed, and j o i n t  agreement with MSC was reached on 
recommended common usage items. 

The LEN S t a b i l i z a t i o n  and Control System preliminary development 
plan was completed. 

LEM Reaction Control System 

The Reaction Control System (RCS) design and i n s t a l l a t i o n  lay-out 
has been defined by the  contractor  with MSC concurrence. The design 
incorporates dual-interconnected u n i t s  with provisions f o r  emergency 
supply of propel lants  from the  main ascent  propulsion tanks. The 
i n s t a l l a t i o n  lay-out provides f o r  modular packaging of tank and cont ro l  
components with minimum l i n e  disconnects and ready access from t h e  
ex te r io r  of t he  vehic le .  

Common usage of RCS components between the  LEN and t h e  Service 
Module was analyzed i n  d e t a i l  with the  r e s u l t s  t h a t  approximately 
90 percent of t h e  items were designated a s  "common usage,Il and they w i l l  
be implemented according t o  the  procedures agreed upon between MSC and 
Grumman Aircraf t  Engineering Corporation. 
a s  development progresses t o  assure  t h e  continued a p p l i c a b i l i t y  t o  t h e  
LEN RCS requirements and design. Other reac t ion  cont ro l  systems were 
considered f o r  p o t e n t i a l  common usage of t h e i r  components; however, t h e  
Service Module RCS offered t h e  most promise f o r  d i r e c t  appl ica t ion  of 
designs and technology because of t he  bas ic  s i m i l a r i t i e s  i n  design 
requirements. 

These i t e m s  w i l l  be reviewed 

Grumman Ai rc ra f t  Engineering Corporation has completed the  design 
of the  RCS coldflow breadboard and has begun procurement ac t ion  f o r  
off-the-shelf workhorse components. 
pressurizat ion system on the  coldflow r i g  i s  expected t o  begin i n  
August 1963. 

I n i t i a l  t e s t i n g  of t h e  helium 

I n i t i a l  subcontract negot ia t ions f o r  t h e  propel lant  system and 
thrus t  chambers were completed i n  Apri l  1963. 
spec i f ica t ion  and vendor requirements were released i n  mid-May 1963, 
and f i n a l  negot ia t ions with the  Marquardt Corporation a r e  present ly  
nearing completion. 
expected by l a t e - Ju ly  1963. 

The revised procurement 

Development "go-ahead" f o r  t h e  propel lan t  system i s  
The t h r u s t  chamber assembly i s  a common 
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c 

usage item with t h e  Service Module RCS; therefore ,  i t s  development i s  not 
a p a r t  of t he  subcontract e f fo r t .  
being developed "in-house" by Grumman Ai rc ra f t  Engineering Corpora t ion .  

The helium pressurizat ion system i s  

LEM Propulsion System 

Ascent Propulsion.- Grumman Aircraf t  Engineering Corporation has 
been negot ia t ing t h e  ascent engine development program with Bel l  
Aerosystems Company s ince  the  l a t t e r  p a r t  of May 1963. 
resolved a r e  engine weight, t h e  th rus t  chamber development program,and 
the  c o s t  of spec ia l  t es t  equipment. 

Items y e t  t o  be 

A p a r a l l e l  p rope l lan t  feed system configurat ion has been se lec ted  
f o r  t he  ascent  propulsion system because of t he  minimum center  of g rav i ty  
s h i f t  due t o  an off-design mixture r a t i o  operat ion and because tank 
loca t ion  i s  independent of the  nominal engine mixture r a t i o .  

Descent Propulsion.- Gmmman Aircraf t  Engineering Corporation 
completed negot ia t ions with Rocketdyne, and a t e n t a t i v e  go-ahead was 
given t o  begin work on May 1, 1963.- The f i r s t  scheduled-milestone was 
m e t  when the  Rocketdyne program plan was de l ivered  t o  Grumman Ai rc ra f t  
Engineering Corporation on May 30, 1963. 

Rocketdyne will r e t a i n  the  engine chamber pressure a t  145 ps i a  a s  
o r ig ina l ly  proposed; however, Grumman Ai rc ra f t  Engineering Corporation 
has re l ieved  t h e  75-inch length constraint .  Allowable engine length i s  
now 97 inches. 

Space Technology Laboratcries,  Inc. has been selected t o  develop t h e  
p a r a l l e l  descent engine. This engine will use a variable-area i n j e c t o r  
and cav i t a t ing  ven tu r i s  i n  the  feed l i n e s  f o r  t h r o t t l i n g .  
A i rc ra f t  Engineering Corporation began negot ia t ions f o r  t h e  development 
of t h i s  engine with Space Technology Laboratories,  Inc.  on June 6, 1963. 

Grumman 

Grumman Ai rc ra f t  Engineering Corporation s tud ie s  have resu l ted  i n  
the  se l ec t ion  of four  cy l ind r i ca l  propel lant  tanks and a p a r a l l e l  propel- 
l a n t  feed system f o r  t h e  descent stage. 

L B l  Comunications System 

Crrumman Ai rc ra f t  Engineering Corporation i s  preparing a communications 
subsystem spec i f i ca t ion  f o r  issuance t o  Radio Corporation of America who 
w i l l ,  i n  turn,  prepare separate  hardware spec i f i ca t ions  f o r  re leasing t o  
prospective vendors. 

Grumman Ai rc ra f t  Engineering Corporation w i l l  provide any VHF, C-band 
or  command antennas required f o r  t he  LEM during t h e  LEN development 
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Command and Lunar Excursion 
Service Modules Module 

Transmit, mcps 2287.5 2282.5 

Receive, mcps 2106.40625 2101.8 - 

nrogram. 
res ea rc h and d eve1 opment i n s  t rument a t ion/c ommunic a t i  ons system required 
during t h e  development program. 

The MSC will provide as government-furnished equipment any 

A s  a r e s u l t  of a decis ion among NASA Headquarters, MSC, J e t  
Propulsion Laboratory, Marshall Space F l i g h t  Center, North American 
Aviation, Inc., and Grumman Ai rc ra f t  Engineering Corporation, i t  w a s  
resolved t h a t  t he  Command and Service Modules and t h e  Lunar Excursion 
Module would incorporate Deep Space Instrumentation F a c i l i t y  
compatible, phase-coherent S-band transponders, each with i t s  own 
al located frequencies, as shown i n  table  111. 

The formal Apollo S-band frequency authorizat ion requests have 
been completed and submitted t o  t h e  MSC frequency manager f o r  t r a n s m i t t a l  
t o  NASA Headquarters. 

TABLE 111.- BEACON FREQUENCIES 

I n  order t o  increase t h e  effective communication range between t h e  
LEM and the  Command and Service Modules, and a t  t h e  same t i m e  t o  minimize 
power consumption by u t i l i z i n g  a l l  s o l i d - s t a t e  components, Grumman 
Ai rc ra f t  Engineering Corporation has recommended t h e  use of an " i n f i n i t e  
clipping" modulation technique f o r  t h e  LEN. 
approved t h i s  s e l ec t ion ,  pending hardware demonstrations by Radio 
Corporation of America. 

The MSC has ten ta t ive ly  

Grumman A i r c r a f t  Engineering Corporation i s  cu r ren t ly  conducting 
l / l0-scale antenna pa t t e rn  s tudies .  
s t r u c  t ion.  

A 1/6-scale model i s  under con- 

LEM Operational Instrumentation 

Grumman A i r c r a f t  Engineering Corporation's preparation of vendor 
requirements documents i s  proceeding as"schedu1ed. The preliminary 
spec i f ica t ions  for t h e  pulse  code modulation telemeter and the  d a t a  
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s torage equipment have been reviewed by t h e  MSC. 
t h e  pulse  code modulation vendor requirements document will be ready f o r  
r e l ease  i n  l a t e  July,  and the  da ta  storage equipment vendor requirements 
document will be read.y i n  mid-August, 1963. 
present ly  considered comnon usage equipment. 

It i s  expected t h a t  

Both of these items a r e  

Due t o  the  minimal LEM requirements placed on the  scanning telescope, 
G r m n  Ai rc ra f t  Engineering Corporation i s  de le t ing  it a s  a separate  
hardware item and incorporating the  necessary timing capab i l i t i e s  i n t o  
the  pulse  code modulation. 

Common usage vendors a r e  being selected t o  support t he  hardware 
programs of t h e  LEM and the  Cormand and Service Modules. 
of s eve ra l  vendors a r e  being s t u d i d ,  and f i n a l  se lec t ions  w i l l  be made 
a f t e r  inspect ions of t he  vendors' p lan ts  by MSC personnel. 

The c a p a b i l i t i e s  

Grumman Ai rc ra f t  Engineering Corporation has a contract  with 
Francis Associates, Inc. t o  study t h e  cons t r a in t s  and c a p a b i l i t i e s  
associated with t h e  packaging of e lec t ronic  equipment f o r  the  LEN. 

The requb-ements f o r  i n f l i g h t  crew check-out of the spacecraf t  are 
present ly  under study. 
must await  fu r the r  d e f i n i t i o n  of t h e  spacecraf t  systems; however, t e s t  
philosophy and mechanization trade-off s tud ie s  a r e  present ly  continuing. 

Mechanization of t he  IEM i n f l i g h t  t e s t  system 

LEM E l e c t r i c a l  Power System 

Grumman Ai rc ra f t  Engineering Corporation presented t h e  LEN e l e c t r i c a l  
power load ana lys i s  which shmed t h a t  a t  maximum vehicle weight, t h e  
t o t a l  e l e c t r i c a l  energy required during t h e  t rans lunar  phase would be 
73.46 kw-hr with a c t i v e  subsystems and 57.94 kw-hr with passive subsystems. 
A t  t h e  nominal vehic le  weight, t h e  t o t a l  energy required i s  57.6 kw-hr 
with a c t i v e  Subsystems and 44 kw-hr with passive subsystems. 
connection with t h e  weight reduction program, Grumman Aircraf t  Engineering 
Corporation i s  present  conducting a n  ana lys i s  of power requirements f o r  
each subsystem; aft ,er  maximum cont ro l  loads a r e  es tabl ished f o r  each 
subsystem, t a r g e t  load levels wil l  be set. 
be used i n  t h e  design of t h e  E l e c t r i c a l  Power System. 

quar te r ly .  
requirements, average e l e c t r i c a l  power loads,  and peak e l e c t r i c a l  power 
requirements. 

I n  

Control load l e v e l s  a r e  t o  
S ta r t ing  i n  

September 1963, t he  e l ec t r i c21  po>~er loid iEa7_:TQiS is to nyesentd r ---1---- 

The presentat ion will include t o t a l  e l e c t r i c a l  energy 

Grumman Ai rc ra f t  Engineering Corporation has r-eleased the  vendor 
requirement documentation f o r  t h e  LE3 aux i l i a ry  ba t t e r i e s .  
documentation includes ba t t e ry  power requirements f o r  normal, peaking, 
and surv iva l  loads. 
t o  determine the  best aux i l i a ry  b a t t e r y  configurat ion f o r  t he  B. 

The 

Information from b a t t e r y  suppl iers  is  t o  be analyzed 

f 
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Grumman Ai rc ra f t  Engineering Corporation has completed t h e  f i r s t  
phase of a study of LEM i n t e r i o r  l i gh t ing .  
and br ightness  t e s t s  i nd ica t e  t h a t  t he  most promising LEM i n t e r i o r  
l i gh t ing  system would be electroluminescent panel l i g h t i n g  supplemented 
with &volt  f lood l i gh t ing .  However, t h e  l i g h t i n g  study w i l l  involve 
f u r t h e r  considerat ions of r e l i a b i l i t y ,  weight, power conversion and 
control ,  heat d i s s ipa t ion ,  and o ther  f a c t o r s .  

I n i t i a l  r e s u l t s  of performance 

I n i t i a l  s teps  toward procurement of t h e  f u e l  c e l l  power supply were 
completed during t h i s  report ing period. 
and the  vendor requirements document were released f o r  bid,  and proposals 
were received from A l l i s  Chalmers Manufacturing Company, General E l e c t r i c  
Company and P r a t t  and Whitney Aircraf t .  
by both Grumman Ai rc ra f t  Engineering Corporation and MSC, and P r a t t  and 
Whitney Ai rc ra f t  was selected.  

The f u e l  c e l l  spec i f i ca t ion  

The proposals were evaluated 

The E l e c t r i c a l  Power System-ECS oxygen tank in t eg ra t ion  study i s  
The study indicated t h a t  t h e  oxygen s torage should be complete. 

in tegra ted  i n  a s ing le  descent-stage tank and non-integrated i n  t h e  
ascent  stage.  The ascent-stage configurat ion cons i s t s  of a s u p e r c r i t i c a l  
oxygen s torage vesse l  f o r  t he  f u e l  c e l l  and a gaseous accumulator f o r  
ECS requirements. The configuration of t he  feed system remains under 
study . 

Similar s tud ie s  r e l a t ed  t o  the  hydrogen tank configurat ion a r e  
a l s o  complete. 
on, and w i l l  be es tab l i shed  by, t he  f u e l  c e l l  choice. Additional study 
of t he  tankage feed system i s  required.  

The optimum configurat ion f o r  hydrogen s torage depends 

LEN SPACE SUIT SYSTEM 

The spacecraf t  i s  being designed f o r  s u i t s  t o  be worn during e a r t h  
launch and reentry,  during c e r t a i n  c r i t i c a l  mission phases i n  the  Command 
Module, and a t  a l l  times by the  LEN crew. 

Provisions a r e  being made f o r  s to r ing  two Portable  Li fe  Support 
Two of t he  Systems (PUS) i n  the  I E M  and one i n  the Command Module. 

systems w i l l  be i n s t a l l e d  i n  t h e  Command Module f o r  missions conducted 
without a LFM. 

Firm stowage loca t ions  f o r  a l l  space s u i t s ,  Por tab le  L i f e  Support 
Systems, and supporting equipment have been determined; t h e  only a rea  
remaining i s  the  exact loca t ion  of PLSS s t r u c t u r a l  t akeoffs  f o r  securing 
the PLSS t o  the  spacecraf t  during high stress periods.  

I 
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All Pbytable Life Support System charging provisions a r e  wel l  
defined, and d e t a i l e d  design i s  proceeding. Recharging of oxygen, water, 
and l i thium hydroxide can be done i n  a matter of minutes, bu t  b a t t e r y  
recharging takes  considerably longer. 
L i f e  Support System has a "normal" charge t i m e  of s i x  hours; t h e  
Command Module b a t t e r y  charger will complete the  charging cycle i n  
e ight  hours. The LEM charging system i s  under study; elements being 
considered a r e  mission requirements, u t i l i t y  of p a r t i a l  charging, 
ba t t e ry  charger weight, and possible  ex t ra  ( replaceable)  b a t t e r i e s .  

The b a t t e r y  used i n  the  Portable 

Considerable e f f o r t  has been spent t o  decrease s u i t  shoulder width 
i n  order t o  meet l imi t a t ions  i n  couch and hatch width. A s  a r e s u l t  of 
recent  shoulder design improvements, the s u i t  manufacturer i s  confident 
t h a t  t h e  maximum pressurized shoulder width w i l l  be 24.5 inches. This 
measurement w511 accommodate a l l  of the as t ronauts  - many of whom have 
shoulders which exceed 90th percent i le  dimensions. 

The v e n t i l a t i o n  umbilicals w i l l  be separa te  round hoses with an 
in s ide  diameter of 1.25 inch. 
with an in s ide  diameter of 1.0 inch were considered b u t  were dropped 
because of high flow resis tance.  
"separate," they w i l l  be physical ly  clipped together  during f l i g h t .  

Combined (two channel) hoses and hoses 

Although t h e  round hoses will be 

LEM R AND D INSTHI;ME;NTATION/COMMUNICATIONS SYSTEM 

Government-furnished airborne equipment f o r  Apollo Boi le rp la te  
Nos. 6, 12, 13 and 23 has been delivered t o  North American Aviation, 
Inc. and i s  i n  var ious s tages  of r ece ip t ,  inspect ion,  ca l ibra t ion ,  
breadboard t e s t i n g ,  ins ta l la t ion ,and  spacecraf t  in tegra ted  tests. 

Breadboard tests on government-furnished airborne equipment f o r  
Boi le rp la te  No. 15 a r e  i n  progress a t  MSC. 

Tentat ive f l i g h t  hardware l is ts  and telemetry loading schedules 
have been prepared f o r  Boi le rp la te  Nos. 18 and 22,and re lease  i s  
pending North American Aviation, Inc. t r a n s m i t t a l  and MSC approval of 
recent ly  revise:! measurezent l i s t s  

A requirement f o r  cameras on Boi le rp la te  Nos. 12 and 23 i s  being 
implemented, and cameras a r e  expected t o  be shipped t o  North American 
Aviation, Inc. i n  t h e  ea r ly  p a r t  of Ju ly  1963. 

A complenient of R and D pressure t ransducers  and accelerometers 
were furnished t o  General Dynamics/Convair f o r  t h e  L i t t l e  Joe I1 
q u a l i f i c a t i o n  tes t  vehicle .  
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LEM SCIENTIFIC INSTRUMENTATION 

Two cubic f e e t  of volume and eighty pounds have been allocated t o  
lunar sample and data return. This weight f igure  includes the weight 
of the sample re turn  containers. A study i s  underway t o  determine the 
envelope of the containers. The preferred configuration a t  present i s  
7.3 inches by 38 inches, which would make the  sample return containers 
d i r ec t ly  interchangeable with the Command and Service Modules' expendable 
carbon dioxide canis ters .  This would allow the maximum u t i l i z a t i o n  of 
exis t ing Command and Service Modules volume since the containers would 
be stowed i n  the Lunar Excursion Module u n t i l  the  return t r i p ,  a t  which 
time they would be transferred t o  the Command and Service Modules and 
in to  the then available area previously occupied by the carbon dioxide 
canis ters .  

Two five-cubic-foot areas i n  the Lunar Excursion Module landing 
stage.have been allocated t o  the sc i en t i f i c  payload. 
preferred configuration f o r  electronic-type experiments i s  8 inches by 
8 inches by 8 inches and multiples thereof. 

The present 

APOLLO SPACECRAFT WEIGHT 

Table I V ,  on the  next page, gives the s t a tus  changes of the Apollo 
spacecraft weights, the control weights, and the  design goal weights. 

The major Command Module changes have been due t o  calculations of 
weight based on currently released s t ruc tu ra l  drawings as w e l l  a s  revised 
weight estimates which a re  based upon current load information. 
r e s u l t  of these increases, a weight reduction program has been i n i t i a t e d  
by North American Aviation, Inc. i n  an e f f o r t  t o  meet the  Command Module 
design goal  weights. 

A s  a 

The major Service Module weight changes have been made due t o  the 
following reasons: 

a.  Increased component weight i n  the f u e l  c e l l  hydrogen system 

b. Increased weight of the oxygen tank support s t ruc ture  

c. Decreased weight of the basic s t ruc ture  determined by 
calculations instead of by estimates 

d.  Decreased weight of the Service Propulsion System propellant 
tank s k i r t s  because of a change from titanium t o  aluminum 
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e. Reduced propellant residuals.  

Gmunman Aircraf t  Engineering Corporatf.on's preliminary "Lunar Ex- 
cursion Module Mass Propert ies  Report" was received. The weights shown 
i n  the report  have since increased as a r e s u l t  of more s t r ingent  design 
requirements. 
and r e s u l t s  emphasize t h a t  s t r i c t  weight c:ontrol wi l l  be required t.o 
insure t h a t  the  control  weight i s  not exc3eded. 
i e s  cur ren t ly  being conducted w i l l  r e f i n e  these t a r g e t  values. The Lunar 
Excursion Modilie weight increases  shown i n  t a b l e  I V  r e s u l t  primarily from 
increased veloci ty  requirements and changed s p e c i f i c  impulse values of  
the  ascent and descent engine. 

Preliminary t a r g e t  weight zpportionment has been derived, 

Results of design stud- 

The major Launch Escape System weig1,t changes have been due t o  the  
removal o f  the  flow separator,  increased amounts o f  wiring and connectors, 
and added b a l l a s t  t h a t  i s  consis tent  w i t l i  the  combined Service Module and 
Launch Escape System balance requirement;. 

North American Aviation, Ihc. was r..qllested t o  review several  aspects  
of  the adapter design i n  an e f f b r t  t o  retiuce i t s  weight. 

The Guidance and Navigation System for  t h e  Command and Service 
Modules has decreased by 35 pounds, 
moval of the  rendezvous radar  and transp,!nder which have been t rans-  
fe r red  t o  t h e  LEN as  p a r t  of the Guidanc2 and Navigation Subsystem. 
The current weight o f  the LEM Guidance and Navigation System was revised 
by MIT from 250 t o  375 pounds. 
nate system based on a f ixed r a t h e r  than a scanning telescope. The pro- 
posed t o t a l  weight of the  Guidance and N<ivigation System including the  
f ixed telescope i s  244 pounds. 

Thi; reduction i s  due t o  t h e  re- 

I n  addition, MIT has proposed an a l t e r -  

FLIGHT TECHNOLOGY 

Aerodynamics 

The advisabi l i ty  o f  re ta in ing  the  aerodynamic s t rakes  i n  t h e  present  
design of the Command Module i s  i n  question due t o  the  s i g n i f i c a n t  weight 
pena l t ies  and adverse dynamic s t a b i l i t y  c h a r a c t e r i s t i c s .  The weight pen- 
a l t i e s  r e s u l t  from the increased s ize  of t h e  s t rakes  due t o  t h e  continued 
forward movement of the center  o f  gravi ty  and t h e  addi t iona l  ab la tor  re- 
quired on t h e  Command Module t o  combat the  increased heating of the  
s t rakes  during entry.  
without necessi ta t ing a major redesign of  the  apex cover j e t t i s o n  system 
t o  permit the  cover t o  be je t t i soned  i n  the  low angle of a t tack  (apex 
forward) region. 

However, the s t rakes  probably could not be removed 
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A study i s  underway t o  change the  tes t  point  of Boi le rp la te  No. 22 
(high a l t i t u d e  abort)  from 180,000 f e e t  t o  approximately 60,000 f ee t .  
Since t h e  o r i g i m l  t es t  point select ion,  a.dditiona1 wind tunnel da ta  
and ana ly t i ca l  s tud ies  have indicated tha t  the  lower a l t i t u d e  i s  more 
su i t ab le .  
determination of  Launch Escape Vehicle j e t  e f f e c t s  on s t a t i c  2nd 

dynamic s t a b i l i t y  and the  dynamic s t a b i l i t y  o f  t he  Command Module a f t e r  
Lower j e t t i s o n  with t h e  ECS operating. 

Primary object ive o f  t he  t e s t  a t  60,000 f e e t  would be a 

The major port ion of t h e  scheduled Apollo wind tunnel program has 
been completed, and only f i v e  more t e s t s  are  scheduled for t h e  remainder 
o f  1963. Tests scheduled subsequent t o  t h i s  da t e  w i l l  be d i rec ted  to-  
ward t h e  inves t iga t ion  of spec i f i c  prohlem areas  o r  a s  contingency 
checks on the f l i g h t  tests. 
June 1, 1963, ind ica t e s  a t o t a l  o f  37 m0d.el.s have been t e s t ed  i n  the  
f a c i l i t i e s  o f  the  following organizations: 

A summary o f  the  w i n d  tunnel  program a s  o f  

a. Ames Research Center 

b. Arnold Engineering Development Center 

c. Cornell Aeronautical Laboratory 

d. Jet P r o p l s i o n  L,aboratory 

e. Langley Research Center 

f.  North American Aviation, Inc. 

The t o t a l  wind tunnel occupancy time as  of  June 1, 1963, was '4,595 hours. 
North American Aviation, Inc. i s  completing an aerodynamic da ta  manual 
which summarizes t h e  aerodynarrii.c force da ta  obtained during the  Apollo 
wind tunnel  program. 
repor t ing  period. 

The manual should be published during the  next 

Aerodynamic Heat Transfer 

Wind tunnel da t a  a t  M = 13 indica tes  t h a t  t h e  s t rakes  cause s igni f -  
i c a n t  increases  i n  heat ing r a t e s  on the  conical  afterbody and necess i t a t e  
an 87-pound increase i n  ab la t ion  material .  Further  da ta  and analyses a re  
being obtained t o  v e r i f y  t h i s  increased heating. 

Ablation Mater ia l  Thermal Performance 

Further  experimental t e s t i n g  in the  a l t e r n a t i v e  hea t  sh ie ld  pro- 
gram a t  North American Aviation, Inc. has been discontinued. Enough 
phys ica l  and mechanical proper t ies  t e s t s  and thermo-structural  analyses * 

? 



were completed so t h a t  it was indicated t h a t  both t h e  a l t e r n a t i v e  hea t  
sh ie ld  candidate mater ia ls ,  DC-325 and T-500 would not meet the  cold 
soak environment (-260O F) i n  t h e i r  present formulations. North Ameri- 
can Aviation, Inc. will prepare during t h e  next quarter  a completed 
summary of the  analyses and data  obtained i n  t h e  backup program. 
t h e r  a l t e r n a t i v e  heat sh ie ld  e f f o r t s  w i l l  continue within the  MSC while 
North American Aviation, Inc. and Avco Corporation proceed with the 
primary ablator  design, Avco 5026-39 i n  3/8-inch f i b e r g l a s s  honeycomb. 

Fur- 

A design review of t h e  Scout nose cap Frogram was held a t  North 
American Aviation, Inc. Nose cap substructures have been shipped by 
North American Aviation, Inc. t o  Avco Corporation f o r  appl icat ion of 
t h e  Avco 5026-39 material .  
Center i s  on schedule. The construction of a second set  of  caps of DC- 
325 ab la t ive  mater ia l  has been discontinued a s  a r e s u l t  of the  termina- 
t i o n  of the a l t e r n a t i v e  heat  sh ie ld  program. 

Dellvery of these caps t o  Langley Research 

Heat shield mater ia l  specimens were checked f o r  thermal performance 
a f t e r  exposure t o  t e n  t i n e s  the  expected Apollo rad ia t ion  dose. It was 
found t h a t  there  was no s igni f icant  change i n  thermal performance a f t e r  
rad ia t ion  exposure. 

Mission Natural Environment 

The Gene r a l  Mot o r  s Co rpo r a t  ion / S ant  a Barbara m e t  eo ro id  s imula t i o  n 
t e s t  program has not reached the qua l i f ica t ion  stage. The major problem 
i s  the production of explosive charges which provide t h e  desired veloci-  
t i e s .  
t i e s  up t o  14 km/sec; however, d i f f i c u l t i e s  have been encountered i n  re- 
producing these ve loc i t ies .  
i b l e  charges with the  desired ve loc i t ies .  

To date ,  a few charges have 'been produced which provide veloci-  

E f f o r t s  a r e  continuing t o  design reproduc- 

The dose caused by so lar  proton rad ia t ion  a t  various points  i n  the  
Command Module i s  being computed. These calculat ions a r e  based on the  
new rad ia t ion  environment described i n  terms of t h e  probabi l i ty  of en- 
countering a so la r  event o f  a given t o t a l  number of protons with energy 
grea te r  tnan 30 Mev during a 14-day period. 

Performance and Tra jec tor ies  

k c h a r a c t e r i s t i c  ve loc i ty  budget. has been developed f o r  t h e  Lunar 
Excursion Module design. 
i s  shown i n  t a b l e  V. 

The veloci ty  a l loca t ion  f o r  each mission phase 
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TABLE V.- LEM VELOCITY BUDGET 
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Mission Phase 

Descent Stage 

Equiperiod t r a n s f e r  

Powered descent 

Translat ion and touchdown (approximtely 2 sec) 
Subto t a 1  

Plus 10 percent reserve 
Total  descent s tage requirement 

Ascent Stage 

1 Launch t o  in te rcept  

Midcourse correct ion 

Rendezvous 1 

Docking 
Subto t a1  

Plus 10 percent reserve 
Total  ascent s tage requirement 

Character is t ic  
Velocity, fps  

380 

6,010 

725 
7,115 

712 
7,827 

6,025 

50 

335 

25 
6,435 

644 
7,079 

1 I Includes AV required f o r  2 degrees out-of-plane launch 
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RELIABILITY 

A study is being made of the common usage parts on the Mercury, 
Gemini, and Apollo programs in order to minimize the duplication of 
testing and costs and to utilize the experience accumulated on the 
Mercury and Gemini programs. 

An appraisal is being made of the feasibility of an MSC-Apollo 
automated data bank which would provide for storage and fast retrieval 
of reliability and quality data. 

Specific recommendations for greater standardization, uniformity, 
and consistency of the various contractors' reliability and test pro- 
grams are being prepared in order to achieve an integrated overall 
Apollo reliability program and to minimize overlapping and duplication 
of effort in the area of reliability. 

Lunar Excursion Module 

Grumman Aircraft Engineering Corporation.- The Grumman Aircraft 
Engineering Corporation reliaSility plan for the Lunar Excursion Module 
was submitted during May 1963. The plan is being reviewed for adequacy. 

. Command and Service Modules 

North American Aviation, 1nc.- North American Aviation, Inc. con- 
tinues to refine their earlier prepared reliability analyses on the 
Command and Service Modules. 
are crew safety reliability apportionments for the various subsystems. 

Included in their latest status reports 

North American Aviation, Inc. has finalized their qualification 
test criteria during this quarter for both space vehicle and ground 
support equipment. 
into three categories - design proof, off-limit, and mission life. Essentially, the qualification criteria are divided 

Studies were initiated by North American Aviation, Inc. on backup 
Subsystems for the Command Module and capability using LEM equipment. 

Service Module that may receive either functional o r  equipment inter- 
change backup from LEM are: 
mental control, service propulsion, crew provisions, guidance and con- 
trol, stabilization and control, telecommunications, and instrumentation. 

electric power, cryogenic storage, environ- 

North American Aviation continues to report that mission success 
reliability predictions are less than the apportioned reliability values. 
For example, the environmental control subsystem has a predicted mission 
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success reliability of 0.9805 compared to a 0.997675 reliability appor- 
tionment. 
pumps is expected to be provided so that the apportioned reliability 
values will be met. 

Added redundancy for the suit compressors and water glycol 

SPACECRAFT-LAUNCH VEHICLE INTEGRATION 

Spacecraft-launch vehicle integration includes not only the inte- 
gration of the spacecraft to the launch vehicle but also the installa- 
tion of the associated launch and flight control ground support equip- 
ment. 
Marshall Space Flight Center-Launch Operations Center coordination 
panels. 
Flight Mechanics Panel, Instrumentation and Communication Panel, 
Electrical Integration Panel, and Crew Safety Systems Panel are shown 
in the following paragraphs. 

These activities are accomplished through the following MSC- 

Major accomplishments of the Mechanical Integration Panel, 

Mechanical Integration Panel 

a. It was agreed by MSC and MSFC that air-conditioning barriers 
are not required on the SA-8 mission. 

b. No MSC spacecraft equipment is to extend 100 inches beyond 
the centerline of the instrument unit on Saturn IB and Saturn V without 
detail coordination with MSFC. 

C. Provisions shall be made for installing the Q-ball on all 
Saturn C-1 vehicles. 
t,he Service Module and the Command Module, the requirements for the 
wedge kder the Q-ball w i l l  not be deleted at this time. 

Although there are alignment provisions between 

d. There w i l l  be no MSFC requirement for weight and balance 
ground support equipment for Boilerplate No. 9. 

e. MSFC agreed to provide a free volume of 104 inches diameter 
by 10.5 inches in length in the top center of the instrument unit for Ser- 
vice Propulsion System engine penetration into the instrument unit. 

f. The cadmium plating for electrical bonding between the 
adapter and the instrument unit is acceptable to both MSC and MSFC. 

Flight Mechanics Panel 

a. MSC and MSFC agreed to implement on June 15, 1963, with 
their respective contractors, the guidance interface proposed by the 
Guidance Implementation Sub-Panel if neither center raises an objection 

1 
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p r i o r  to that date. 

S. MSC will define for the Satrun IB firm attitude, attitude 
rate, and maneuvers that the S-IVB stage has to achieve while in earth 
orbit. MSFC will define the payload penalty as a function of attitude 
control duration in earth orbit for Saturn IB. 

C. The Saturn IB w i l l  have an earth orbit attitude control 
1 capability of %hours using the S-IVB stage. 

attitude rate that is available from the S-IVB on Saturn IB flights using 
the minimum impulse and thrust levels designed for Saturn V. MSFC will 
use the attitude and maneuver requirements specified for Saturn V earth 
orb-ital operations to define the S-IVB Reaction Control System propellant 
capacity on Saturn IB. The above requirements are considered preliminary 
dependent on an MSC definition of Saturn IB operations and an YiFC 
definition of the payload penalty. 

MSC will accept the 

d. MSC has no requirement to justify the use of a Q-ball on 
Saturn I, IB or V research and development or operational flights; 
however, MSC may utilize the Q-ball for angle-of-attack measurements on 
the flights that it is used, but MSC would not depend upon its avail- 
ability . 

e. MSC does not require engine-out capability on Saturn I, 
IB, or V; however, any engine-out capability provided by MSFC w i l l  be 
considered by MSC in developing operational procedures. 

Instrumentation and Communication Panel 

a. A study was conducted by MSFC on frequency interference 
problems in the space vehicle. 
prob:ems existed between the radiated frequencies to be used on the 
spacecraft and the frequencies to be used on the boosters. 
included Saturn I, Saturn IB and Saturn V. 

It was determined that no interference 

This study 

b. MSFC agreed that MSC would use a double pulse code on the 
spacecraft C-band beacons, ar?d MSFC would continue to use a single pulse. 
C-band beacon attenna patterns for the spacecraft were submitted to 
MSFC to determine the adequacy of launch phase tracking using the space- 
craft beacons. 
tracking after two or three flights, MSFC will drop the C - b a n d  beacon 
from their Instrument Unit. 

If the spacecraft beacons prove adequate for launch phase 

C. MSFC has not definitely decided to use the phase-shift 
keyed digital command system for the S-IVB that is to be used for the 
spacecraft. But MSFC does plan to use the ground link portion of the 
MSC digital command system and the command transmitteL-s. A study is 

% 



being conducted by MSFC to determine the adequacy of the complete space- 
craft digital command system for use in commanding the s-IVB stage. 

Electrical Integration Panel 

a. The Saturn I Instrumentation Unit /Apollo electrical inter- 
face for SA-6 and SA-7 has been defined. 

b. MSFC /MSC ground support equipment electrical interfaces 
fo r  Apollo-Saturn have been defined. 

Crew Safety Systems Panel 

a. A "quick look" type simulation of the Saturn I Emergency 
Detection System has been completed at Ling-Tempco-Vought, Inc. in 
Dallas, Texas. A number of comments and suggestions concerning the 
Emergency Detection System display layout and the types of instruments 
to be used have been received from individuals participating in the 
simulation runs. These comments and suggestions will be considered 
for inclusion in the final display design. 

b. The Emergency Detection System design proposed by MSFC is 
being evaluated by MSC, and comments will be given to MSFC when the 
review is completed. 

MANGFACTLTING 

COMMAND AND SERVICE MODULES 

During this reporting period, a series of meetings have been held 
between MSC and North American Aviation, Inc. to review in detail the 
airframe manufacturing program. Production capability and delivery 
schedules are under evaluation. Present indications are that delays in 
manufacturing, installation, and testing may require changes to the 
present ground arid flight t e s t  przgra?. 

Flight Test Articles 

Boilerplate No. 6.- The individual systems tests and integrated 
systems tests were completed for Boilerplate No. 6 on June 28, 1963. 
Final acceptance tests and preparation for shipping were completed on 
June 30, 1963. 



The boilerplate and its equipment were flown from 
to Holloman Air Force Base, N.M., on July 1, 1963, and 
continued by truck the next day to White Sands Missile 
out trailer and the remaining ground support equipment 
truck from Downey, Calif., on July 1 and 2, 1963. 

Lone: Beach, Calif., 
the shipment was 
Range. The check- 
were shipped by 

Boilerplate No. 12.- The command module wiring harness for Boiler- 
plate No. 12 was delivered for installation on July 12, 1963. During 
this reporting period, the following spacecraft configuration changes 
have been made to Boilerplate No. 12: 

a. Strakes were removed. 

b. Hot-wire initiators were substituted for exploding-bridge- 
wire initiators on the launch escape motor, the tower jettison motor, 
and the pitch control motor. 

C. Two drogue parachutes w i l l  be used instead of one. 

d. 
the cold-wire system. 

A hot-wire abort initiator system will be substituted for 

North American Aviation, Inc. has contracted General Dynamics / 
Convair to install the umbilical for Boilerplate No. 12 on the Little 
Joe I1 launcher. The installation w i l l  be made at White Sands Missile 
Range and will take place after the Qualification Test Vehicle launching 
and before the mating of Boilerplate No. 12 to the launch vehicle. 

Boilerplate No. 12 is scheduled to be transferred to North American 
Apollo Test and Operations at Downey, Calif., during the week of August 5, 
1963. 
boilerplate before August 12, 1963. 

The Design Engineering Inspection is planned to be held for this 

Hardware procurement has become a problem in the manufacturing of 
Boilerplate No. 12. Critical shortages include miscellaneous nuts and 
bolts, the C14-019 checkout console, the A14-003 pyro simulator, and the 
Earth Landing System and Launch Escape System sequencer. 
ware items are required before tests can begin at North American Apollo 
Test and Operations, and the items are presently scheduled for delivery 
by August 5, 1963. 

All major hard- 

Boilerplate No. 13.- All components, including the breadboard, for 
the Instrumentation and Communications Systems of Boilerplate No. 13 were 
shipped to North American Aviation, Inc. during the week of August 5, 
1963. At MSC's request, the contracter has installed stiffeners on six 
of the Service Module ring frames to insme the Service Module's struc- 
tural integrity during the inflight pressure environment. 



North American Aviation, Inc. was directed to hermetically seal 
all airborne connectors. This action was taken to prevent electrical 
shortage of the connectors due to water condensation. 

The Environmental Control System is being redesigned to operate 
at a 20' F initial temperature, and to improve the system pressure 
capability. 
and the pump outlet pressure has been increased to 10 psig. 

The coolant tank capacity has been approximately tripled, 

The ground support equipment for Boilerplate No. 13 remains the 
program pacing item. 
be completed on August 14, 1963, and it is expected to be ready for 
shipment to the Atlantic Missile Range on October 1, 1963. 

Manufacturing of the boilerplate is scheduled to 

Boilerplate No. 18. - Procurement of instrumentation hardware for 
Boilerplate No. 18 is scheduled to begin in July 1963. 

Ground Test Articles 

The primary and secondary structure design and manufacturing planning 
of Boilerplate No. 14 (House Spacecraft No. 1) was completed during this 
reporting period. 
in the structural assembly area. 

Detail parts and subassemblies are being accumulated 

A recent decision to implement three modifications resulted in 
changes to approximately 30 percent of the secondary structure. 

Boilerplate No. 9 (Apollo-Saturn Dynamic Test Article) was mated 
to the Saturn IV stage, and a shake test was begun at MSFC. To date, 
no major problems in this area are anticipated or have been reported. 

Modifications to Boilerplate No. 25 (Apollo Handling and Trans- 
portation Article) have been made to update the boilerplate to the 
current parachute attach-point configuration. 
reballasted to the present weight and center-of-gravity configuration. 
Prototype sea retrieval equipment for the Flight Operations Division is 
available, and several trial retrievals are scheduled during the next 
quarter. 

This boilerplate has been 

LLTAR EXCLTSION MODULE 

MSC is currently evaluating the Grumman Aircraft Engineering 
Corporation manufacturing plan for Lunar Excursion Modules and LETJZ test 
articles. 
manufacturing of early LEM test articles can begin. 

Interim approval of the plan w i l l  be given so that tooling 
The interim approval 
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will specify an average production rate of two LEM's every three months. 
A revision will be requested by September 14, 1963, to include results 
of further studies on peak production rates and these associated pro- 
blems : 

a. Tooling rate and level 

b. Shop loading, considering other Grumman Aircraft Engineering 
Corporation projects 

C. Manufacturing and checkout area requirements. 

Management control procedures, analyses of manufacturing operations, and 
the interchanging of master tools with subcontractors w i l l  also be in- 
ve stigated. 

Periodic reviews w i l l  be scheduled to update the manufacturing plan 
and cover follow-on tooling changes, schedule changes, specification 
changes, and modification requirements. 

QVALITY ASSUFWJCE 

The first LE4 harttware specifications were reviewed to insure that 
the development, quali-fication, and acceptance test programs generate 
reliability data, 

The overall documentation status of all Apollo contractors was 
checked to see if the contractors have been submitting required documents 
according to contract deadlines. 

Direction was given to Government Inspection Agencies t o  comply with 
the requirements of NASA Management Manual Instruction 4-3-2 for the use 
of quality status stamps. 
4-3-2 have been issued to each agency, 

Stamps for use as directed by Instruction 

A standard failure effects analysis format was generated and sent to 
all Apollo contractors to facilitate better analyses of failure data from 
all sources. 

During this reporting period, efforts were begun to develop a set 
of standardized process specifications for use by all Apollo contractors. 
The first result of this effort was that soldering specification PEFC- 
PROC-158 B was invoked in all major .4pollo contracts. 
and traceability procedure was prepared for use by all Apollo contractors 
and sent out for review and comment. 

An identification 

.Standard process specifications 
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were developed for crimping electrical connectors and splicing electrical 
conductor s . 

The Grunrman Aircraft Engineering Corporation quality control program 
plan for the LEM was submitted during May 1963. 
uated and is considered satisfactory for use. 

The plan has been eval- 

The Bureau of Weapons Representative/Bethpage delegation for 
inspection services was clarified in an agreement dated May 17, 1963. 
Basically the delegation limits the Bddeps Representative to hardware 
inspection while the Resident Apollo Spacecraft Project Office retains 
quality engineering responsibilities. 

SIMULATORS 

ENGINEERING SIMULATION PROGRAM 

Command and Service Modules 

Much effort at North American Aviation, Inc. has been spent on 
detailed planning of the engineering simulation program through 1965. 
The first issue of the complete plan w i l l  be published during the next 
quarter. At the present time, nine simulations are in progress. The 
majority of these are unmanned simulations with the exception of two. 
A manned simulation of rendezvous is currently being conducted, and a 
second manned simulation of entry is about to begin. 

Lunar Excursion Module 

Grumman Aircraft Engineering Corporation has presented their 
engineering simulation program plan to MSC. This plan calls for using 
edsting Grumman Aircraft Engineering Corporation facilities in addition 
to contracted facilities at North American Aviation/Columbus and Ling- 
Temco-Vought, Inc. through 1964. Two part-task simulators will become 
opera Lionai at Grmiiriaii Aii-craft Engineering Ccrp~ration early in 
and a complete mission simulator w i l l  be available early in 1965. MSC 
has approved a Grumman Aircraft Engineering Corporation proposal to 
procure two virtual image visual display systems for use in the part- 
task engineering simulators and the complete mission simulator. 
would be transferred to the LEM trainers when they become operational 
in 1965. 

I. 

These 

A preliminary docking study was completed by Grumman Aircraft 
Engineering Company at North American Aviation/Colmbus in 
April 1963. MSC completed a LEM docking simulation with a backup type 

2 
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control system. 
design criteria limits to the contact conditions shown in the following 
table. 

These studies have resulted in lowering the docking 

Axial Velocity 1 fps 
Radial Velocity .j fps 
Angular Velocity 1 deg/sec 
Angular Displacement 10 deg 
Radial Displacement 1 ft 

The relative velocities are measured at the center of gravity of the 
vehicle . 

MSC completed a manual abort study at Ling-Temco-Vought, Inc. The 
results of the study indicate that a pilot can perform an abort from 
any point in the LEN descent trajectory with only very simple information, 
such as vehicle attitude and time, displayed to him. The addition of 
further information such as altitude and altitude rate greatly increases 
the accuracy with which insertion to rendezvous can be made, and more 
information also increases the probability that abort can be completed 
with the available amount of fuel. 

MISSION SIMULATORS 

The Link Division of General Precision, Inc. was selected as the 
subcontractor for the Apollo mission simulator. 
awarded April 10, 1963. 

The letter contract was 

Link held a mockup review of the Apollo mission simulator complex 
at its plant in Binghampton, New York, on June 14 and 15, 1963. 
number of modifications of the details in the instructor's consoles were 
suggested. 

A 

The critical path for the mission simulator PERT chart is the infinity 
image visual simulation system for the windows. 
this system are being procured from Farrand Optical Company, Bronx, 
New York. 

The major elements of 

LUNAR EXCURSION MODULE FREE-FLIGHT SIMULATORS 

In mid-April 1963, Grumman Aircraft Engineering Corporation presented 
a summary of their efforts concerning the conceptual design of free-flight 

1 
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vehicles for atmospheric test (LTA-9). Included with the summary were 
recommendations for a preliminary design phase. 
summary, Grumman Aircraft Engineering Corporation was directed to com- 
mence the preliminary design phase of LEN atmospheric flight vehicles 
for hover and landing tests and for gaining operational flight experience. 
During this phase, firm technical, schedule, cost,and manpower infor- 
mation w i l l  be developed in the following areas: 

A s  a result of this 

I 

a. Minimum modification and usage of an all-rocket LEM for 
atmospheric test and flight experiefice in restrained, tethered, and 
free-flight modes 

b. Integration with LEM ground and flight test programs 

C. Investigation of the use of LEM subsystems or design data 
and technology in the lunar landing programs at the Flight Research 
Center (Edwards Air Force Base) and Langley Research Center to increase 
their fidelity and applicability for LEM development. 

This preliminary design phase is scheduled to be completed by July 15, 
1963, except for that portion pertaining to the Flight Research Center's 
Lunar Landing Research Vehicle (LLFtv) Program which was completed May 15, 
1963. A Grumman Aircraft EngineeriAg Corporation Report LED 470-2, 
"Application of LEM Technology to NASA Lunar Landing Research Program," 
recommends the application of the LhV to the LEM Development Program 
in the following three areas: 

a. Early verification of LEM systems analysis and design 
decisions 

b. Use of the LLRV for LEM hardware testing 

c. Use of the LLRV for free flight experience in a LEN-type 
vehicle. 

i 



OPERATIOIS 

SPACECRAFT CHECKOUT 

The d e f i n i t i o n  of Special  Test  Units was e s t ab l i shed  as  those 
i t e m s  of checkout equipment which a re  configured for a spec i f i c  need 
bu t  which a re  not items o f  program automatic checkout equipment (PACE). 
Malfunction i s o l a t i o n  capab i l i t y  w i l l  be t h e  replaceable black box f o r  
e l ec t ron ic s  or the  smallest replaceable package f o r  mechanical systems. 

PACE-spacecraft checkout with Airframe No. 008 i s  planned t o  be 
used a t  t he  MSC environmental f a c i l i t y .  

PACE-spacecraft operat ional  functions,  hardware in t e r f aces ,  and t e s t  
po in t  requirements have been fu r the r  defined. 
urements l i s t  f o r  Airframe No. 009 which l i s t s  and def ines  airframe t e s t  
po in ts  has been published. 

An Apollo vehicle meas- 

Contractors have been given a MSC document which e s t ab l i shes  
PACE-spacecraft checkout programing and. operat ion a t  MSC cont rac tors '  
p l an t s  i n  addi t ion t o  e s t ab l i sh ing  a format f o r  t h e  conversion o f  t e s t  
seqLusnces i n t o  machine language. 

The bas ic  handling concept f o r  Boi lerplate  No. 13 w a s  es tabl ished 
i n  d e t a i l .  The t e s t i n g  and operation o f  airframes a t  the  At l an t i c  Missile 
Range has been establ ished for t h e  Command and Service Modules. 

PREFLIGHT 

The development of PACE-spacecraft checkout now provides fo r  t h e  
i n i t i a l  use of a ground s t a t i o n  a t  North American Aviation, Inc.  i n  
support of systems t e s t i n g  of an airframe on March 15, 1964. I n i t i a l  
use o f  the  ground s t a t i o n  a t  Gruhman Ai rc ra f t  Engineering Corporation 
i s  scheduled f o r  March 1965. 



GROUND TEST PROGRAM 

COPPIAND AND SERVICE MODULES 

Airframe 008 
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Additional f l o o r  space f o r  the o f f i c e s  of North American Aviation, 
Inc.  and Massachusetts I n s t i t u t e  of Technology a t  t h e  MSC Clear Lake 
f a c i l i t y  near Houston, Texas, has been approved. PACE will be used 
f o r  checkout and operation a t  t h e  Clear Lake f a c i l i t y .  
of Airframe No. 008 t e s t i n g  t h a t  constrains t h e  f l i g h t  of No. 009 
indicated t h a t  Airframe No. 008 t e s t s  would not be required. The 
instrumentation plan f o r  t he  Clear Lake f a c i l i t y  i s  being reviewed 
and should be completed during t h e  next report ing period. 

An MSC review 

LUNAR EXCURSION MODULE 

The ground t e s t  vehicles  t o  be used i n  t h e  LEM ground t e s t  program 
a r e  designated as LEM Test Ar t i c l e s  (LTA's). 
and t h e i r  purposes. 

Table V I  l i s t s  the  vehicles  

TABLE V I . -  LEM TEST ARTICLES AND THEIR PURPOSES 

A r t i c l e  

L T A - 1  

LTA-2 

LTA-3 

LTA-4 
I 

L'TA- 5 
LTA-6 

LTA-? 

Purpose 

---I 

Systems in t eg ra t ion  

Drop t e s t s /boos t e r  dynamic tes t :  

S t ruc tu ra l  tes ts  

E r , . ~ i r c ~ x e n t a l  development 

Propulsion qual i f i c a ti on 

Apollo in t eg ra t ion  

Environmental qua l i f i ca t ion  

---- 

Testing 
3rTanization 

GAEC 

GAEC /MSFC 

GAEC 

GAEC 

WSMR 

NAA 

MSC 

---- - -  

Test 
S ta r t ing  

Date 
~- ~~~ 

Aug 64 
Dec 6b 

Dec 64 

Apr 65 
June 65 
May 65 
Nov 65 

Plans f o r  t he  propulsion t e s t  program and f a c i l i t i e s  were made 
d e f i n i t e  during t h i s  report ing period. 
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LEN propulsion system t e s t i n g  i s  scheduled t o  s t a r t  a t  White Sands 
Missile Range i n  July 1964 on a prototype vehicle  designated as  t h e  
P-5 Rig .  The i n i t i a l  t e s t i n g  w i l l  be developmental work on t h e  Ascent 
and Descent Propulsion Systems. 
pulsion system q u a l i f i c a t i o n  and LEM system in tegra t ion  and qual i f ica-  
t i o n  (LTA-5). 

These t e s t s  will be followed by pro- 

It i s  cur ren t ly  planned f o r  t h e  White Sands Missi le  Range propul- 
sion f a c i l i t y  t o  consis t  of two a l t i t u d e  stands and one ambient stand 
with a d i f fuser .  
version t o  an a l t i t u d e  stand a t  a fu ture  date.  

The ambient stand w i l l  be designed f o r  po ten t ia l  con- 

Two addi t ional  a r t i c l e s ,  LTA-8 and LTA-9, are  contracted f o r ,  but 
t h e i r  exact use and configuration a r e  subject  t o  evaluation based on a 
study t o  be completed by G r m a n  Aircraf t  Engineering Corporation by 
Ju ly  15, 1963. These vehicles  are  current ly  being proposed f o r  atmos- 
pheric hover and landing t e s t s  a t  White Sands Missi le  Range. 

GROUND SUPPORT EQUIPMENT PROGRAM 

COMMAND AND SERVICE MODULES 

A l l  the  major items of Ground Support Equipment (GSE) t h a t  support 
Boi lerplates  No. 6, 12,  and 13 have been checked f o r  technical  adequacy 
a t  design reviews held during t h i s  reporting period. O f  the  161 models 
reviewed, changes were recommended on 55. Some of t h e  most s i g n i f i c a n t  
changes were: 

a. Redesign of H14-9030, support, Service Module, and adapter,  
t o  accept t h e  completely mated spacecraft  f o r  checkout a t  Downey, Calif .  

b. Request for a study on the  shielding and ground o f  C14-177, 
cable s e t ,  Pad 37B, t o  determine ground loop p o t e n t i a l  

c. Nodification of A14-001, General E l e c t r i c  Company tower 
s u b s t i t u t e  un i t ,  t o  simulate s t r a i n  gage measurement. Ordinarily,  in-  
strumentation w i l l  not be simulated i n  s u b s t i t u t e  u n i t s ;  however, t h i s  
i s  a spec ia l  case since the associated amplif ier  i s  i n  the  Command 
Module. 

The North American Aviation Inc., Special  Test Units (STU) manage- 
ment plan was reviewed. 
Inc. and i t s  Autonetics Division would do a major p a r t  of t h e  design and 
manufacturing. The present schedule shows t h a t  t h i s  equipment i s  

The plan indicated t h a t  North American Aviation, 
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1 
2 approximately 2- months behind schedule due t o  the  l ack  of f l i g h t  sys- 

tems de f in i t i ons ,  The STU's will be used a t  Downey, White Sands Missi le  
Range, and At lan t ic  Missile Range. A t  present,  t h i s  equipment i s  not 
scheduled f o r  use with Airframe No. 008 tes t s  i n  Houston. 

A study i s  being made t o  include LEM hypergolic servicing equip- 
ment requirements i n  equipment furnished by North American Aviation, Inc. 

The GSE required t o  support Boilerplates No. 16 and 26 a t  MSFC and 
t h e  At lan t ic  Missile Range was established. Directions were given t c  
North American Aviation, 1 n c . t o  design and f ab r i ca t e  t h e  addi t iona l  
GSE required. 

Design o f  the spacecraf t  instrumentation t e s t  equipment, C14-4-05, 
i s  almost 80 percent complete. 

LUNAR EXCURSION MODULE 

A preliminary LFM GSE plan has been prepared which contains t h e  
following provisions: 

a. A summary and purpose of a l l  documents r e l a t ed  t o  GSE 

b. PERT implementation, including a discussion of various 
?EX' repor t s  

c. GSE environmental categories and the  environment i n  which 
a l l  f a c i l i t i e s  and loca t ions  a re  categorized 

d. GSE environmental t es t  requirements and procedures 

e. Purpose and de f in i t i on  of the  Operational Flow Chart 

f .  Ground ru l e s  f o r  common usage implementation 

g. GSE t r a c e a b i l i t y  requirements 

h. A t o t a l  implementation plan. 

Grumman Aircraf t  Engineering Corporation has completed the  f i r s t  
l e v e l  of d e t a i l  for t he  Operational Flow Chart, which p i c t o r i a l l y  pre- 
sen ts  major phases of LEM a c t i v i t y  from beginning of manufacturing t o  
launch, and l i s t s  GSE required t o  support each ac t iv i ty .  
i s  being expanded t o  show de ta i l ed  handling o f  the  LEM and LEM systems, 
and a l s o  t o  show the checkout and servicing o f  GSE i n  i t s  f i n a l  locat ion.  

The char t  
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This e f f o r t  will a id  i n  the  d e f i n i t i o n  of the  t o t a l  LEN GSE program 
and will show t h e  use of each GSE i t e m  i n  t h e  o v e r a l l  sequence p r i o r  
t o  designing and manufacturing t h e  item. 

FLIGHT PROGRAM 

SATURN 

The Project  Apollo Mission Schedule i s  shown i n  f igures  10 through 
Mission object ives  and configuration da ta  f o r  Project  Apollo f l i g h t s  13. 

using the Saturn I launch vehicle  a r e  being determined and should be 
completed by t h e  next Quarterly Status  Report. 
gram now cons is t s  of the following: 

The Saturn I f l i g h t  pro- 

a. Two b o i l e r p l a t e  spacecraft  f o r  launch environment and 
Launch Escape System c h a r a c t e r i s t i c s  

b. One airframe spacecraft  unmanned suborb i ta l  Command and 
Service Module systems and water recovery q u a l i f i c a t i o n  prior t o  the  
f i rs t  manned f l i g h t  

C. Three airframe spacecraft  f o r  manned o r b i t a l  f l i g h t  with 
both water and land recovery. 

In addition, two b o i l e r p l a t e  spacecraf t  w i l l  be made avai lable  t o  
MSFC f o r  micrometeoroid experiments. Subsequent f l i g h t  mission objec- 
t i v e s  and configurations using the Saturn I B  and V launch vehicles  a r e  
being defined. 
f l e c t e d  i n  figures 12 and 13. 
airframe Service Module and adapter i s  being studied. 
i s  t o  be used f o r  Service Module and adapter s t r u c t u r a l  qua l i f ica t ion  
tests and f o r  evaluation of spacecraft  separation from the  launch 
vehicle. 

A t e n t a t i v e  program u t i l i z i n g  these vehicles  i s  re-  
The use of Boi lerplate  No. 18 with an 

This b o i l e r p l a t e  

MICROMETEOROID EXPERIMENTS 

MSFC is  receiving boi le rp la te  hardware requested from MSC. 
Secondary object ives  o,f Project  Apollo w i l l  be t h e  Emergency Detec- 
t i o n  System checkout and normal tower j e t t i s o n .  

Boilerplate 15 will be configured f o r  t h e  launch exi t  environment 
mission on SA-? t o  obtain a second da ta  point .  
mission object ives  a r e  as defined f o r  Boi lerplate  No. 13. 

The f l i g h t  plan and 

c c .  
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COMMAND AND SERVICE MODULES 

Boilerplate  No. 6 

Boi lerplate  No. 6 arr ived a t  White Sands Missile Range on July 2 ,  
1943, by ti-uck a f t e r  it was flown from Long Beach, Cal i fornia  t o  Hol lo -  
Ran A i r  Force Base, New Mexico. 
scheduled f o r  prelaunch a c t i v i t i e s  f o r  t h i s  bo i l e rp l a t e  a t  White Sands 
Missi le  Range. 
be completed include the  f o l l o . : i h g :  

Thirty-three working days have been 

Prelaunch a c t i v i t i e s  which a r e  complete o r  which a re  t o  

a. The second rev is ion  o f  the  Pad Abort Mission Directive has 
been published and d is t r ibu ted .  

b. The Command Module i s  i n  receiving inspection. Work 
stands a re  being assembled around the Command Module. 

c. 
graphic coverage. 
night ,  Ju ly  10, 1963. 

The launch escape motor i s  ready t o  be painted for photo- 
S t r ip ing  and painting a re  t o  be completed by mid- 

d. The weight and balance equipment i s  scheduled t o  be ready 
t o  accept t he  spacecraf t  by Ju ly  15, 1963, providing t h a t  t he  weighing 
l i s t s  canbe ca l ibra ted  by then. 

e. The checkout t r a i l e r  receiving inspect ion i s  i n  process. 
Although considerable equipment has been removed for ca l ibra t ion ,  t he  
t r a i l e r  i s  expected t o  be ready t o  support t e s t i n g  by July 24, 1943. 

f .  The launch complex i s  expected t o  be ready t o  accept t h e  
spacecraf t  Ju ly  19, 1963. 

Boi lerplate  No. 1 2  

Nine weeks of prelaunch a c t i v i t i e s  a t  White Sands Missile Range 
a re  present ly  scheduled f o r  Boi lerplate  No. 12. 
i n i t i a t i o n  system w i l l  be u t i l i z e d  for t h i s  bo i le rp la te .  
rev is ion  t o  the mission d i r ec t ive  i s  i n  progress. 

A hot wire abort  
The f i r s t  

Boi lerplate  No. 13 

The mission d i r e c t i v e  for Boilerplate No. 13 i s  i n  the f i n a l  s tages  
of preparat ion and should be completed during the next reporting period. 
This b o i l e r p l a t e  i s  scheduled t o  be del ivered t o  t he  Atlant ic  Missile 
Range on October 1, 1963, t o  support  a launch da te  of December 15, 1963. 
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LAUNCH ENVIRONMENT 

The f i rs t  launch e x i t  environment t e s t  w i l l  be made with Boiler-  
p l a t e  No. 13. The spacecraf t  w i l l  be launched on SA-6 from Complex 3SB 
a t  a launch azimuth o f  90"; t h e  roll program will provide a f l i g h t  az i -  
muth o f  105". The escape tower will be j e t t i soned  10 seconds a f t e r  S-IV 
ign i t ion .  
will be placed i n  a 100-nautical-mile o r b i t .  
Objectives of t h i s  f l i g h t  a r e  a s  fo l lows:  

The S-IV, the  adapter,  and the  Command and Service Modules 
No recovery i s  planned. 

a. Qualify t h e  launch vehicle  

b. Demonstrate t he  physical compat ibi l i ty  of the  launch vehic le  
and spacecraft  under f l i g h t  and p re f l igh t  conditions 

c.  
ve r i fy  design c r i t e r i a  

Determine t h e  launch and e x i t  environmental parameters t o  

d. Demonstrate s a t i s f ac to ry  separat ion of  the  launch escape 
tower 

e. Demonstrate compatibi l i ty  of t he  Research and Development 
Communication and Instrumentation Systems with t h e  launch vehicle  systems 

f .  Determine operat ional  s u i t a b i l i t y  of  t he  At lan t ic  Miss i le  
Range ground tracking systems. 

Airframe No. 009 

The decis ion has been made t h a t  t he  mission f o r  Airframe No. 009 
will be suborbi ta l .  Systems requirements, instrumentation requirements, 
and d e t a i l s  of t he  mission a re  now i n  review. 

SPACECRAFT QUALIFICATION 

Airframe No. 009 i s  t o  be an unmanned suborb i t a l  mission to  qua l i fy  
the  spacecraf t  f o r  manned o r b i t a l  f l i g h t .  
from Complex 34. a t  a launch azimuth of 100" with the  roll program pro- 
viding a f l i g h t  azimuth of  105". The escape tower will be je t t i soned  
10 seconds a f t e r  S-IV ign i t i on ,  and t h e  spacecraf t  w i l l  separate  from 
the  S-IV a t  burnout a t  an a l t i t u d e  o f  approximately 100 nau t i ca l  m i l e s .  
Two f i r i n g s  o f  t he  Service Propulsion System a r e  planned p r i o r  t o  sepa- 
r a t i o n  o f  the Command Module from t h e  Service Module. A water recovery 

The spacecraf t  w i l l  be launched 
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o f  t he  Command Module o f f  Ascension Island i s  planned. 
t i v e s  a re  a s  f o l l o w s :  

Fl ight  objec- 

a. Qualify the heat protect ion system a t  suborbi ta l  reentry 
conditions 

b. Determine t h e  sa t i s fac tory  operation of the Service Mqdule 
Propulsion System a t  zero g f o r  subsequent de-orbi t  capabi l i ty  

c .  Determine sa t i s fac tory  operat ional  cha rac t e r i s t i c s  of the  
Command and Service Module systems 

d. Demonstrate sa t i s fac tory  recovery operat ional  techniques 

e. Demonstrate adequate compatibil i ty of the  production Com- 
mand and Service Modules with the  C - 1  launch vehicle ,  including t h e  
Emergency Detection System. 

STRUCTURAL QUALIFICATION 

A proposed mission under study f o r  Boi lerplate  No. 18 i s  t o  qua l i fy  
the  adapter and Service Module s t ruc tures  and t h e  spacecraft-launch 
vehicle  separation systems. The spacecraft  will be launched from Com- 
plex 3i'B a t  a launch azimuth of  90"; t he  roll program will provide a 
f l i g h t  azimuth o f  72". The escape toxer iiill be jett isoiied 10 securids 
a f t e r  S-IV igni t ion ,  and the spacecraft  will separate from t h e  S-IV a t  
burnout. Spacecraft  o r b i t  will be 100 naut ica l  miles, and no recovery 
i s  planned. F l igh t  object ives  a re  a s  follows: 

a. Demonstrate the s t ruc tu ra l  i n t e g r i t y  of t he  production 
adapter and Service Module s t ruc ture  f o r  f l i g h t  loads t o  be encountered 
on manned, Saturn I f l i g h t s  

b. Evaluate the  separation sequence and physical separat ion 
o f  t he  Command and Service Modules from the  launch vehicle.  

PAD ABORT AND LITTLE JOE I1 

Pad Abort Test  No. 1 (Boilerplate No. 6 )  has been slipped t o  
August 25, 1963, due t o  l a t e  design changes and checkout d i f f i c u l t i e s .  
The f i r s t  L i t t l e  Joe I1 launch vehicle qua l i f i ca t ion  t e s t  f l i g h t ,  ex- 
pected about September 15, 1963, will  f o l l o w  Pad abort  Test No. 1 a s  
c lose ly  a s  possible  (see f i g .  10). 



The other pad abort  and L i t t l e  Joe I1 f l i g h t s  have been resched- 
uled due t o  a slippage i n  the d e l i v e r i e s  of the Command Modules and 
L i t t l e  Joe launch vehicles  f o r  these tests. Problems encountered during 
L i t t l e  Joe I1 checkout resu l ted  i n  a delay i n  de l ivery  o f  the  launch ve- 
h i c l e  t o  White Sands Missile Range. 
of Qual i f ica t ion  Test Vehicle f l i g h t s  p r i o r  t o  Pad Abort Test No. 1. 
The abort capabi l i ty  and recovery system f o r  the  Command Module will 
have been demonstrated with Boilerplate  No. 12,  making it possible  t o  
recover Boilerplate No. 22 i n  the event the launch vehicle  Att i tude 
Control System f a i l s .  Because o f  t h i s  proven abort  capabi l i ty ,  the  
launch vehicle will be used a s  a backup f o r  t h e  High Alti tude and 
High Q Abort Test No. 2 f l i g h t s .  

This delay prevented consideration 

LITTLE JOE I1 LAUNCH VEHICLE DEVELOPMENT 

The f i . r s t  L i t t l e  Joe I1 launch vehicle  f i n a l  systems t e s t s  a r e  
being conducted p r i o r  t o  t h e  launch vehicle 's  shipment t o  White Sands 
Missi le  Range. 
i s  ant ic ipated,  and the qua l i f ica t ion  t e s t  i s  scheduled f o r  September 
1963. 
instrumentation system. A sketch of the vehicle  on the launcher with 
the dummy payload i s  shown i n  f igure  9. 
and f i n s  of the second vehicle  f o r  t h e  i n i t i a l  spacecraf t  f l i g h t  has been 
completed. 
delayed u n t i l  design changes i n i t i a t e d  by a Design Engineering Inspec- 
t i o n  of  the f i r s t  vehicle  a r e  completed; but the  delay i s  not expected 
t o  a f f e c t  t h e  schedule. 
No. 12  f l i g h t )  i s  nearly complete i n  the  f i n a l  assembly f ix ture .  Manu- 
fac ture  o f  the t h r u s t  bulkhead and components f o r  the four th  vehicle  i s  
i n  progress. 

Shipment t o  White Sands Missile Range i n  ear ly-July 1963 

A two-week delay has been required t o  make design changes i n  t h e  

The manufacture o f  the airframe 

The i n s t a l l a t i o n  of motor i g n i t i o n  wiring c i r c u i t s  has been 

The t h i r d  vehicle  (backup f o r  Boi lerplate  

The contract  has been completed with General Dynamics/Convair f o r  
two launch vehicles  with control  systems (vehicles  No. 5 and 6) .  

Assembly of t h e  launcher on the  pad a t  White Sands Missi le  Range 
has been completed, and t h e  launcher has been func t iona l ly  operated. 
The spare launcher has been manufactured and w i l l  remain a t  General 
Dynamics/Convair u n t i l  required. 

The A l g o l  and Recruit rocket motors f o r  t h e  f i rs t  vehicle  have 
been delivered t o  White Sands Missile Range. Two of  th ree  Algol motor 
s t a t i c  f i r i n g s  t o  develop and qual i fy  the canted nozzle f o r  vehicles  
No. 5 arrl 6 have been successful ly  conducted. A t h i r d  s t a t i c  f i r i n g  
i s  scheduled f o r  July 1963. 



The ground support equipment for rocket motor handling and check 
out has been delivered to White Sands Missile Range. The ground support 
equipment for the launch vehicle w i l l  be shipped with the first vehicle. 

FACILITIES 

COMMAND AND SERVICE MODULES 

The status of industrial facilities at Downey, California, is as 
follows : 

a. Completed and in operation: 

1. Impact test facility 

2. Plaster master facility 

3. Radiographic facility 

4. Parking lot, part I 

5. Bonding and test facility 

6. Building One modification 

b. Design work completed: 

1. Data ground station 

2. Building Six modification 

3. Parking lot, part I1 

4. 

5. 

Systems integration and checkout facility 

Space systems development facility, parts I and I1 

C. Contract awarded and construction in progress: 

1. Building Six modifications 

2. 

3. 

Systems integration and checkout facility 

Space systems development facility, parts I and I1 



The El Centro, California, facilities are complete an3. in oy..ei-i:ior. 

7 -  Formal facilities contracts were awarded to ~~inneayolis--onA;n,rel: 
Regulator Company, Beech Aircraft Company, and Collins F x i i c ?  Cornpmy. 
Avco Corporation's contract is being reviewed by ?dASA ' :eadol;z\  CFS. 

The Pratt and Whitney Aircraft Division contract is ':?t?ii;:: ne-?L.ia.t.e-?. 

At White Sands Iqissile Range, N.M., the pad abort ~p-?i-:~+,lo x1 
ready need date is July 7, 1963, with the scheduled co r r ,~1~-  f Lon :is+. . .\I 
July 214, 1963. 

The Little Joe I1 operational ready need tiatc to siipyart : o i l - ? - -  
plate No. 12 is mid-October 1963, with the scheiulcd comyjlt-Tion '? t t?  171' 

November 15, 1963. 

Need dates and completion dates for installations at t l i r l  i - ~ s t  . T?' '  ' 
No. 1 Complex at 'dhite Sands Missile Range are shown in the f o l l m < i r i i .  
table. 

____ - - -- - 

~~ 

Construction 

Control room 
, (Joint occupancy) 
ervice Module test stand ' (Joint occupancy) I Service Module test stand 

I (Operational ready) 
1 Preparation building 

(Joint occupancy) 
Command and Service Modules test stand 

I (Joint occupancy) 
Administrative area 
(Completion of construction) 

I 

- - __ 

Need Date 

Sept. 1, 15t 3 

Sept. 1, 19:-3 

-~ 

Nov. 1, 191'2 

Mar. 15, 19, ' 

Apr. 15, 19~ i 

Feb. 20, l?@- 

LUNAR EXCLTSIOM MODULE 

White Sands Missile Range Facilities 

A committee consisting of representatives from Wni te Sands ::iss :I - 
Range, Corps of Engineers, Grumman Aircraft Engineeri!ig Corpora'hn, 
and MSC has been formed to oversee the Wi test facility desiFn cfor!-~~:- 
to Burns and Roe, Inc. 

J 
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Three test stands, a preparatior, building, a warehouse, and adminis- 
trative buildings wil l  be provided. 
high-altitude firing capability. 
signed for ambient firing conditions with provisions to add altitude 
capability at a later date. 
are scheduled to be completed by mid-October 19613 and July 1, 1964, 
re spec tively . 

Two of the test stands will have 
The remaining test stand will  be de- 

Design and construction of the test stands 

Grumman Aircraft Engineering Corporation Facilities Plan 

The Grmqan Aircraft Engineering Corporation facilities plan was 

Variations in manufacturing and test 
received July 11, 1963, and an interim approval was given with an 
August 15, 1963, revision date. 
areas, coupled with space requirements by Nassachusetts Institute of 
Technology and General Electric Company, will cause changes to the plan. 
Grumman Aircraft Engineering Corporation is submitting their facility 
requirements to the Atlantic Missile Range in early July 1963 for dis- 
cussion and resolution. The August 15, 1963, revision can be specific 
in all areas. 

PROGFLAM EVALGATION AND REVIEXrJ TECHNIQUE (PERT) 

Grumman Aircraft Engineering Corporation is scheduled to complete 
Additionally, a separate all 12 LEM subsystem networks by July 15, 1963. 

network (some 20 total) oriented to the delivery of each major end item 
of hardware is planned. Two networks, the Stabilization and Control 
System and the Reaction Control System subnetworks, have been satisfac- 
torily developed and implemented. 
of milestones and developing networks, a series of meetings are being 
held with Grumman Aircraft Engineering Corporation, t'ne Apollo Project 
Office and PEXT personnel. 

As a means of expediting the selection 

The program management plan milestone reporting system was term- 
inated June 1, 1963. The PERT system is functioning satisfactorily. 

_-_ __ The Nortll American Aviation, Inc. YEfl'i' system has been implemented. 
Work is underway to include the Office of Planned Space Flight milestones 
in the PERT networks. North American Aviation, Inc. is adding and 
restructuring networks to conform with a new general order structure. 
A July 5, 1963, report date is scheduled for the new network structure. 
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PUBLICATIONS 

The following papers r e l a t i v e  t o  PROJECT APOLLO have been 
received during t h e  l a s t  3 months: 

1 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

"Apollo Guidance And Navigation. A Progress Report On The Apollo 
Guidance System," MIT: Dec. 1962, NAS 9-153. 

"Apollo Guidance A d  Navigation. 
MIT: Oct. 1962, NAS 9-103. 

I n e r t i a l  Orientat ion O f  The Moon," 

"Apollo Guidance And Navigation. Earth Orbi ta l  Rendezvous," MIT: 
May 1962, NAS 9-153. 

"Apollo Guidance And Navigation System R e l i a b i l i t y  Apportionments 
And I n i t i a l  Analysis," MIT:Feb. 1963, NAS 9-153. 

"Martin Landing Studies:  Launch Vehicle," Martin Co.: Mar. 1962, 
ER-12301. 

"Martin Lunar Landing Studies: Docking Techniques," Martin Co.: 
Mar. 1962, E~-12302. 

"Martin Lunar Landing Studies: Radiation Exposure Analysis," 
Martin Co.: Mar. 1962, ER-12299. 

"Martin Lunar Landing Studies: 

"NASA System Design And Research," MIT: 

R e l i a b i l i t y ,  " Mar. 1962, ER-12296. 

June 1-July 31, 1962; 
Oct. 1-Nov. 30, 1962; Dec. 1, 1962-Jan. 31, 1963, NAS 9-105. 

10. "Project Apollo Guidance And Navigation Program," MIT: Ju ly  18- 
Aug. 21, 1962; Sept. 11-Oct. 11, 1962, NAS 9-153. 

11. " S i t e  Data Processor - Output Buffer," MIT: Dec. 11, 1962, 
NAS 9-105. 

12. "Studies O f  Lunar Logis t ics  System Payload Performance," Grumman 
Ai rc ra f t  Engineering Corp.: 
Vol. 11, Sect ions 7-13, Jan. 3, 1963; Vol. 11, Jan. 7, 1963; 
Supplement 1, Feb. 14, 1963, NASw-528; PDR-344-36. 

Vol. I, Sections 1 - 6 9  Jan. 7, 1963; 

13. "Study Of Spacecraft  Bus For  Lunar Logis t ics  System," Space 
Technology Labs, Inc.: Vol. 11, P a r t  A, Dec. 22, 1962, 
NASW-530. 
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14. "Wind-Tunnel Measurements Of Some Dynamic Stability Characteristics 
Of 0.055-Scale Models Of Proposed Apollo Command Module And 
Launch-Escape Configurations At Mach Numbers From 2.40 to 4.65," 
NASA: Mar. 1963, NASA TM X-769. 

C OMMmI CATION AND IN ST RLJMl3NTATION 

15. "Common Usage Status, LEM Communications Subsystem," Grumman 
Aircraft Engineering Corp. : March 18, 1963, LED-380-1. 

16. "LEM Instrumentation Subsystem Common Usage Study," Grumman Aircraft 
Engineering Corp.: March 18, 1963, LED-360-1. 

17. "Preliminary Environmental And Load Conditions For LEM Scientific 
Instrumentation," Grumman Aircraft Corp.: LED-360-3. 

ENVIRONMENTAL CONTROL SYSTEM 

18. "Design Analysis on Utilizing PLSS Cartridges in LEM ECS," Grumman 
Aircraft Engineering Corp.: Revision B April 26, 1963, LED-330-2. 

19. "Design Control Specification for LEM Environmental Control 
Subsystem," Grumman Aircraft Engineering Corp.:  
3, and 4, April 22, 1963, LSP-330-2. 

Sections 1, 2, 

20. "Vendor Resuirements-ECS," Grumman Aircraft Engineering Corp.: 
Sections 1, 2, 3, and 4 for the LEM, April 22, 1963, LVR-330-2. 

ELECTRICAL POWER SYSTEM 

21. "Battery - Design, Manufacture, Testing and Procurement Requirements," 
Hamilton Standard Div.: Feb. 15, 1963, SVHS 2191B. 

22. "Electrical Power System Configuration Study," Hamilton Standard 
Div.: April 1, 1963, LED-390-2. 

23. "Fuel Cell Assembly, Electrical Power Design Control Specification 
for," Grumman Engineering Corp. : LSP-390-2. 

ENGINEERING SIWJLATION 

24. "Detailed Presimulation Report for Phase A Docking Simulation," 
Grumman Aircraft Engineering Corp.: March 1963, LED-570-2. 

25. "Detailed Presimulation Report for Phase A Lunar Hover and Landing 
Simulation," Grumman Aircraft Engineering Corp. : 
LED-570-1. 

March 1963, 



26. "LEM Emergency Abort Guidance System Study," Chance Vought Corp.: 
May 1963, 00.213. 

27. "Lunar Landing Simulation Phase A Preliminary Report No. 1," 
Grumman Aircraft Engineering Corp . : June 1963, LED-480-2 

28. "Preliminary Study of the Pilot Controlled LEN Docking Maneuver," 
NASA Project Apollo Working Paper No. 1075: May 1963, 1075 . 

29. "Simulation of the Integrated LEN Mission," Martin Marietta Co.: 
June 1963, EX 13013. 

30. Vtudy of the Attitude Control Handling Qualities of the LEM 
During the Final Approach to Lunar Landing," 
Apollo Working Paper No. 1074: May 1963, 1074 

NASA Project 

FLIGHT TECHNOLOGY 

31. "A Nominal Apollo Landing Mission Design Trajectory." MSC: 
March 1963. 

32. "Automatic LEN Mission Study," Grumman Aircraft Engineering Corp.: 
May 9, 1963, LED 540-2. 

33. "Design Criteria and Environments," Grumman Aircraft Engineering 
Corp.: May 1963, LED-520-1. 

GROUND SUPPORT EQUIPMENT 

34. "Ground Support Equipment List and Special Test and Special 
Handling Equipment," Grumman Aircraft Engineering Corp.: 
April 18, 1963, LLI-400-2. 

35. "Ground Support Equipment Requirements for White Sands Missile 
Range," Grumman Aircraft Engineering Corp.: May 20, 1963, 
LLI-400-3 

PROPULSION - REACTION CONTROL SYSTEM 
36. "Engine, Rocket, Liquid Ascent, Design Control Specification for," 

Grumman Aircraft Engineering Corp. : April 18, 1963, LSP-270-5 

37. "Engine, Rocket, Liquid Descent, Design Control Specification for," 
Grumman Aircraft Engineering Corp. : March 12, 1963, LSP-270-4. 

"Preliminary 'Fire-in-the-Hole' Study,I1 Grumman Aircraft Engineering 
Corp.: April 3, 1963, LED-510-1. 

38. 
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39. "Results o f  Bladders-Baffles-RCS Configuration Study," Grumman 
A i r c r a f t  Engineering Corp.: May 10, 1963, LED-310-3. 

bo. "Application of LEM Technology t o  NASA Lunar Landing Research 
Program," Grumman Ai rc ra f t  Engineering Corp.: May 15, 1963, 
LED-470-2. 

STRUCTURES 

41. "Design C r i t e r i a  and Environments LEM," Grumman Ai rc ra f t  Engineering 
Corp.: May 15, 1963, LED-520-1. 

42. "LEM Maintenance Plan, l1 Grumman A i r c r a f t  Engineering Corp. : 
May 15, 1963, LPL-635-1. 

43. "Lunar Landing Mission Design Plan," MSC: March 15, 1963. 

44. *'Study Summary Report,'' Grumman Ai rc ra f t  Engineering Corp. : 
June 1, 1963, LPR-250-4. 

ki-5. "The Test  Plan f o r  the Lunar Excursion Module Pro jec t  Apollo," 
Grumman Ai rc ra f t  Engineering Corp.: Vol. 1, May 15, 1963, 
LPL-600-1. 
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Figure 2. - Apollo Spacecraft  Configuration 
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